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As a market leader in non-volatile memories, Advanced Micro Devices provides the best 
of today's design and technology. The 1989/1990 Memory Products Data Book contains 
technical specifications on these important products: 


* High-Performance 1-Megabit EPROMs in both x 8 and x 16 
configurations 


* acontent-addressable memory device, offering more speed 
and flexibility in many applications — the Am99C10 


¢ CMOS High-Performance PROMs 
« EPROMs with speeds to 55 ns 


Advanced information specifications on soon-to-be introduced products are included as 
well. This information covers 2-Megabit EPROMs, Flash memories, and ExpressROM™ 
devices. 


More than one hundred memory products are detailed in this comprehensive volume. 
Over 50% of these data sheets cover CMOS products. We have highlighted these 
important CMOS products with blue paper. 
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(FIFO) 
Devices 
Low High Application 
Density Density Specific 


FIFOs 
C Bipolar C Serial FIFO RAM 
FIFO Controller 
Bidirectional Programmable 


Features and Benefits 
High Density CMOS FIFOs (1/4K, 1/2K, 1K, 2K, 
Low Density CMOS FIFOs (64 x 4/5) 4K x 9) 
m@ Shift rates to 40 MHz w@ Data Rates, 0 to 28.5 MHz 
m Zero standby power consumption m@ Low power consumption — 70mA max 
m Ram based technology with fast access times w Status flags — Half-full, Empty, Full 
m Three state output and status flags w Asynchronous and simultaneous read/write 
m Expandable in width and depth w Expandable in width and depth 


First-in First-Out Devices Selector Guide 


Max Package 
icCmA Type Features 


Low Density FIFOS 


Tech- Part Organ- 
nology Number ization | Type 


B 74S225 Cc N, J 20 TSO 
B 74S225A Cc N, J TSO 
B C67401 Cc NoJ, NL TPO 
B 67401 S N.J, NL TPO 
B C67401A Cc N,J, NL TPO 
B 67401 S N,J, NL TPO 
B C67402 Cc N,J, NL TPO 
B 67402 Ss N.J, NL TPO 
B C67402A Cc J TPO 
B 67402A S J TPO 
B 67413 S J TPO, Status Flags 
B 67413A Ss J TPO, Status Flags 


Cc 67C 401-10 C N, J, NL TPO Low Power, RAM Based 

C 67C401-15 C N, J, NL TPO Low Power, RAM Based 

C 67C4013-10 C N, J, NL TSO Low Power, RAM Based 

Cc 67C4013-15 C N, J, NL TSO Low Power, RAM Based 

Cc 67C 402-10 C N, J, NL TPO Low Power, RAM Based 

Cc 67C402-15 C N, J, NL TPO Low Power, RAM Based 

C 67C4023-10 C N, J, NL TSO Low Power, RAM Based 

Cc 67C4023-15 Cc N, J, NL TSO Low Power, RAM Based 

C 67C4033-10 C N, J, NL TSO Low Power, RAM Based, Status Flags 
C 67C4033-15 C N, J, NL TSO Low Power, RAM Based, Status Flags 
Cc 67C401-25 Cc N, J, NL TPO Low Power, RAM Based 

Cc 67C401-35 C N, J, NL TPO Low Power, RAM Based 

C 67C4013-25 Cc N, J, NL TSO Low Power, RAM Based 

C 67C4013-35 C N, J, NL TSO Low Power, RAM Based 

C 67C402-25 Cc N, J, NL TPO Low Power, RAM Based 

Cc 67C402-35 Cc N, J, NL TPO Low Power, RAM Based 

Cc 67C4023-25 C N, J, NL TSO Low Power, RAM Based 

Cc 67C4023-35 C N, J, NL TSO Low Power, RAM Based 

Cc S N, J, NL 


67C413-40 TPO Low Power, RAM Based, Status Flags 


- 
~ 


Notes: 

Technology: Type: Package Type: Features: 

B- Bipolar C- Cascadable N—- Plastic TSO — Three State Output 
C- CMOS S- Standalone J — Ceramic TPO — Totem Pole Output 


NL— PLCC 


1-4 
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Organ- 
ization 
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Application Specific FIFOs 
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PC, DC, JC, RC 
PC, DC, JC, RC 
PC, DC, JC, RC 
PC, DC, JC, RC 
PC, DC, JC, RC 
PC, DC, JC, RC 
PC, DC, JC, RC 
PC, DC, JC, RC 
PC, DC, JC, RC 
PC, DC, JC, RC 
PC, DC, JC, RC 
PC, DC, JC, RC 
, DC, JC, RC 
, DC, JC, RC 
, DC, JC, RC 
, DC, JC, RC 
, DC, JC, RC 
, DC, JC, RC 
, DC, JC, RC 
, DC, JC, RC 


PC, DC, JC 


Tech- Part Organ- 
nology Number ization 
67417 64 x m/9/1 
674219 512-64K 
AM4701 2-512x9 
AM4601* 512x9 
Notes: 
Technology: Type: Package Type: 
B—- Bipolar C-— Cascadable PC, RC, N — Plastic DIP 
C-— CMOS S — Standalone DC, J - Ceramic DIP 
JC, NL — PLCC 


* Consult Factory 


28, 32 (JC) 
28, 32 (JC) 
28, 32 (JC) 
28, 32 (JC) 
28, 32 (JC) 
28, 32 (JC) 
28, 32 (JC) 
28, 32 (JC) 
28, 32 (JC) 
28, 32 (JC) 
28, 32 (JC) 
28, 32 (JC) 
28, 32 (JC) 
28, 32 (JC) 
, 32 (JC) 
32:6} 
, 32 (JC) 
, 32 (JC) 
, 32 (JC) 
, 32 (JC) 
, 32 (JC) 
, 32 (JC) 
, 32 (JC) 
, 32 (JC) 
, 32 (JC) 


Max Package 
ICCmA Type each Features 


TSO Access Time=80ns, Status Flags 
TSO Access Time=65ns, Status Flags 
TSO Access Time=50ns, Status Flags 
TSO Access Time=35ns, Status Flags 
TSO Access Time=25ns, Status Flags 
TSO Access Time=80ns, Status Flags 
TSO Access Time=65ns, Status Flags 
TSO Access Time=50ns, Status Flags 
TSO Access Time=35ns, Status Flags 
TSO Access Time=25ns, Status Flags 
TSO Access Time=80ns, Status Flags 
TSO Access Time=65ns, Status Flags 
TSO Access Time=50ns, Status Flags 
TSO Access Time=35ns, Status Flags 
TSO Access Time=25ns, Status Flags 
TSO Access Time=80ns, Status Flags 
TSO Access Time=65ns, Status Flags 
TSO Access Time=50ns, Status Flags 
TSO Access Time=35ns, Status Flags 
TSO Access Time=25ns, Status Flags 
TSO Access Time=80ns, Status Flags 
TSO Access Time=65ns, Status Flags 
TSO Access Time=50ns, Status Flags 
TSO Access Time=35ns, Status Flags 
TSO Access Time=25ns, Status Flags 


TSO Parallel/Serial, Status Flags 


TSO FIFO RAM Controller, 16-Bit SRAM 
Address, Status Flags 


TSO Access Time=45ns, 
Programmable Flags 
TSO Access Time=35ns, 
Programmable Flags 


Features: 
TSO — Three State Output 
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IDT7201S/L/SA/LA-120P 
1IDT7201S/L/SA/LA-120D 
IDT7201S/L/SA/LA-120J 


AMD 


AM7200-25PC 
AM7200-25DC 
AM7200-25JC 
AM7200-25RC 
AM7200-25RC 


AM7200-35PC 
AM7200-35DC 
AM7200-35JC 
AM7200-35RC 
AM7200-35RC 


AM7200-50PC 
AM7200-50DC 
AM7200-50JC 
AM7200-50RC 
AM7200-50RC 


AM7200-65PC 
AM7200-65DC 
AM7200-65JC 
AM7200-65RC 
AM7200-65RC 


AM7200-80PC 
AM7200-80DC 
AM7200-80JC 
AM7200-80RC 
AM7200-80RC 


AM7200-80PC 
AM7200-80DC 
AM7200-80JC 
AM7200-80RC 
AM7200-80RC 


AM7201-25PC 
AM7201-25DC 
AM7201-25JC 
AM7201-25RC 
AM7201-25RC 


AM7201-35PC 
AM7201-35DC 
AM7201-35JC 
AM7201-35RC 
AM7201-35RC 


AM7201-50PC 
AM7201-50DC 
AM7201-50JC 
AM7201-50RC 
AM7201-50RC 


AM7201-65PC 
AM7201-65DC 
AM7201-65JC 
AM7201-65RC 
AM7201-65RC 


AM7201-80PC 
AM7201-80DC 
AM7201-80JC 
AM7201-80RC 
AM7201-80RC 


AM7201-80PC 
AM7201-80DC 
AM7201-80JC 


IDT7201S/L/SA/LA-120TC AM7201-80RC 
IDT7201S/L/SA/LA-120TP AM7201-80RC 


IDT7202SA/LA-25P 
IDT7202SA/LA-25D 
IDT7202SA/LA-25J 
IDT7202SA/LA-25TC 
IDT7202SA/LA-25TP 


IDT7202SA/LA-35P 
IDT7202SA/LA-35D 
IDT7202SA/LA-35J 
IDT7202SA/LA-35TC 
IDT7202SA/LA-35TP 


IDT7202S/L/SA/LA-50P 
IDT7202S/L/SA/LA-50D 
IDT7202S/L/SA/LA-50J 
IDT7202S/L/SA/LA-50TC 
IDT7202S/L/SA/LA-50TP 


IDT7202S/L/SA/LA-65P 
IDT7202S/L/SA/LA-65D 
IDT7202S/L/SA/LA-65J 
IDT7202S/L/SA/LA-65TC 
IDT7202S/L/SA/LA-65TP 


IDT7202S/L/SA/LA-80P 
IDT7202S/L/SA/LA-80D 
IDT7202S/L/SA/LA-80J 
IDT7202S/L/SA/LA-80TC 
IDT7202S/L/SA/LA-80TP 


IDT7202S/L/SA/LA-120P 
IDT7202S/L/SA/LA-120D 
IDT7202S/L/SA/LA-120J 
IDT7202S/L/SA/LA-120TC 
IDT7202S/L/SA/LA-120TP 


IDT7203S/L-35P 
IDT7203S/L-35D 
IDT7203S/L-35J 


IDT7203S/L-50P 
IDT7203S/L-50D 
IDT7203S/L-50J 


IDT7203S/L-65P 
IDT7203S/L-65D 
IDT7203S/L-65J 


IDT7203S/L-80P 
IDT7203S/L-80D 
IDT7203S/L-80J 


IDT7203S/L-120P 
IDT7203S/L-120D 
IDT7203S/L-120J 


IDT72401L-10P 
IDT72401L-10D 
IDT72401L-10J 


IDT72401L-15P 
IDT72401L-15D 
IDT72401L-15J 


IDT72401L-25P 


IDT72402L-10P 
IDT72402L-10D 
IDT72402L-10J 


IDT72402L-15P 
IDT72402L-15D 
IDT72402L-15J 


IDT72402L-25P 


AM7202-25PC 
AM7202-25DC 
AM7202-25JC 
AM7202-25RC 
AM7202-25RC 


AM7202-35PC 
AM7202-35DC 
AM7202-35JC 
AM7202-35RC 
AM7202-35RC 


AM7202-50PC 
AM7202-50DC 
AM7202-50JC 
AM7202-50RC 
AM7202-50RC 


AM7202-65PC 
AM7202-65DC 
AM7202-65JC 
AM7202-65RC 
AM7202-65RC 


AM7202-80PC 
AM7202-80DC 
AM7202-80JC 
AM7202-80RC 
AM7202-80RC 


AM7202-80PC 
AM7202-80DC 
AM7202-80JC 
AM7202-80RC 
AM7202-80RC 


AM7203-35PC 
AM7203-35DC 
AM7203-35JC 


AM7203-50PC 
AM7203-50DC 
AM7203-50JC 


AM7203-65PC 
AM7203-65DC 
AM7203-65JC 


AM7203-80PC 
AM7203-80DC 
AM7203-80JC 


AM7203-120PC 
AM7203-120DC 
AM7203-120JC 


67C401-10N 
67C401-10J 
67C401-10NL 


67C401-15N 
67C401-15J 
67C401-15NL 


67C401-25N 


67C402-10N 
67C402-10J 
67C402-10NL 


67C402-15N 
67C402-15J 
67C402-15NL 


67C402-25N 
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IDT72403L-10P 
IDT72403L-10D 
IDT72403L-10J 


IDT72403L-15P 
IDT72403L-15D 
IDT72403L-15J 


IDT72403L-25P 


IDT72404L-10P 
1IDT72404L-10D 
IDT72404L-10J 


67C4013-10N 
67C4013-10J 
67C4013-10NL 


67C4013-15N 
67C04013-15J 
67C4013-15NL 


67C4013-25N 


67C4023-10N 
67C4023-10J 
67C4023-10NL 


IDT72404L-15P 
IDT72404L-15D 
IDT72404L-15J 


IDT72404L-25P 


MOSTEK 


MK4501-65N 
MK4501-80N 
MK4501-100N 
MK4501-120N 


67C4023-15N 
67C4023-15J 
67C4023-15NL 


67C4023-25N 


AMD 


AM7201-65PC 
AM7201-80PC 
AM7201-80PC 
AM7201-80PC 


TL 


SN74S225N 
SN74S225J 
SN74ALS236J 
SN74ALS235J 
SN74ACT7202N 


AMD 


74S225N 
74S225J 
67411AJ 
67413AJ 


AM7202PC 
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C 67 L 4XXX D NL 883B 


CASCADASBILITY PROCESSING 
C = Cascadable Bipolar Blank = Standard Commercial 
Blank = Standalone Bipolar 883B = MIL-STD-883 
Rev C, Class B 
TEMPERATURE CODE 
57 = Military PACKAGE 
67 = Commercial N = Plastic DIP 
J = Ceramic DIP 
TECHNOLOGY NL = Plastic Leaded Chip Carrier 
Blank = Bipolar 
L = Low Power Bipolar SPEED 
Cc = CMOS Blank = Standard 
A/D =Enhanced 
DEVICE NUMBER -10 MHz Shift Rate 
-12 MHz Shift Rate (Mil) 
-15 MHz Shift Rate 
-25 MHz Shift Rate 
-35 MHz Shift Rate 
STANDARD PRODUCTS 


AMD Standard products are available in several packages. The 
order number (Valid Combination) is formed by a combination of: 


Am72XX - 25 P C 
a. PART NUMBER 


b. PERFORMANCE 
25 = 25 ns Access Time 
35 = 35 ns Access Time 
50 = 50 ns Access Time 
65 = 65 ns Access Time 
80 = 80 ns Access Time 


c. PACKAGE TYPE 
P = Plastic DIP (600 mil) 
D = Ceramic DIP (600 mil) 
J = Plastic Leaded Chip Carrier 
R = Plastic DIP (300 mil) 


d. OPERATING CONDITIONS 
C = Commercial (0°C to 70°C) 
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MILITARY ORDERING INFORMATION 


APL Products 

AMD products for Aerospace and Defense applications are 
available in several packages and operating ranges. APL 
(Approved Products List products are fully compliant with MIL- 
STD-883C requirements. The order number (Valid Combination) 
for APL products is formed by a combination of: 


a. Device Number 

b. Speed Option (if applicable) 
c. Device Ciass 

d. Package Type 

e. Lead Finish 


72XX 40 /BX A 


=e e. LEAD FINISH 


A = Hot Solder DIP 


d. PACKAGE TYPE 
X = 28-Pin Ceramic DIP 
(CD 028) 


c. DEVICE OPTION 
/B = Class B 


b. SPEED OPTION 
-40 = 40 ns t 
-50 = 50 nst, 
65 = 65 nst, 
-80 = 80 nst, 


a. DEVICE NUMBER/DESCRIPTION 


Valid Combinations 

Valid Combinations list configurations planned to be supported in 
volume for this device. Consult the local AMD sales office to 
confirm availability of specific valid combinations or to check for 
newly released valid combinations. 


Group A Tests 


Group A Tests consist of subgroups 1, 2, 3, 7, 8, 9, 10, 11. 
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Products Selector Guide 


ct 


Advanced 
Micro 
Devices 


Non-Volatile Memory 


Products 


ExpressROM 


Devices* 


OTP EPROMs 


= 
4 


Flash Memories 


* Consult the local AMD sales office to obtain more information 


on this product family. 


Introduction 


The Non-Volatile Memory Division manufactures a broad range 
of high performance memory products. These products include 
traditional windowed EPROMs, plastic OTP EPROMs, Express- 
ROM™ devices, EEPROMs, and Flash Memories. They offer 
the system designer an extensive choice of economical alterna- 
tives for program storage. 


NVDs EPROM offerings are manufactured with a state-of-the- 
art CMOS process yielding access times as fast as 55ns. 
Products in production range from 64K to 1 Megabit. Also being 
announced this year are 2 megabit and 4 megabit devices. 
EPROMs are available in both windowed ceramic and One 
Time Programmable plastic packages. 


A new concept from AMD is the ExpressROM™ device. These 
are quick turn ROMs produced from EPROM wafers. Lead 
times of these devices are typically half that of ROMs. 


Flash memories will be the designer’s choice for non-volatile 
memory in the 90s. AMD is introducing 2 families of high speed 
Flash devices with densities initially ranging from 256K to 1 
Megabit. Offerings will be available in both EPROM and 
EEPROM compatible architectures. 


AMD is committed to leadership in high performance CMOS 
non-volatile memories. These products offer industry leading 
speeds and densities that will contribute to the competitive 
advantages of your design. 
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ExpressROM 


Devices 


Am27X64 Am27X128 Am27X256 
Am27X512 Am27X010 
Am27X1024 


ExpressROM™ Devices* 


Number Operating Power 


Part Organization Access Temp Package 
Number Time(ns) | Range’ Types? 


Am27X64-105 
Am27X64-125 
Am27X64-120 
Am27X64-155 
Am27X64-150 
Am27X64-175 
Am27X64-170 
Am27X64-205 
Am27X64-200 
Am27X64-255 
Am27X64-250 
Am27X64-305 
Am27X64-300 


Am27X128-105 
Am27X128-125 
Am27X128-120 
Am27X128-155 
Am27X128-150 
Am27X128-175 
Am27X128-170 
Am27X128-205 
Am27X128-200 
Am27X128-255 
Am27X128-250 
Am27X128-305 
Am27X128-300 


Am27X256-105 
Am27X256-125 
Am27X256-120 
Am27X256-155 
Am27X256-150 
Am27X256-175 
Am27X256-170 
Am27X256-205 


8K x 8 
8K x 8 
8K x 8 
8K x 8 
8K x 8 
8K x 8 
8K x 8 
8K x8 
8K x 8 
8K x 8 
8K x 8 
8K x 8 
8K x 8 


16K x 8 
16K x 8 
16K x 8 
16K x8 
16K x 8 
16K x 8 
16K x 8 
16K x 8 
16K x 8 
16K x 8 
16K x 8 
16K x 8 
16K x 8 


32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 


100 
120 
120 
150 
150 
170 
170 
200 
200 
250 
250 
300 
300 


100 
120 
120 
150 
150 
170 
170 
200 
200 
250 
250 
300 
300 


100 
120 
120 
150 
150 
170 
170 
200 


QOAQAQONDQ ADAQAQNIANANANDAINANQ BANA09090KN90000000 


jcwaauaaaa jcGaaaaaaaaaaGa. jJac.caaaaaaaaGa. ad. 


UV VVVVVU VWUVVVUVVUVVVVV VU VU UU UU 00 UU UU 


of Pins 
DIP/PLCC 


Act/Stdby Max? 
(mW) 


138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 


138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 


138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 


Supply 
Voltage 


5V+ 5% 
5V+ 5% 
5V + 10% 
5V+ 5% 
5V + 10% 
5V+ 5% 
5V + 10% 
5V+ 5% 
5V + 10% 
5V+ 5% 
5V + 10% 
5Vt 5% 
5V + 10% 


5V+ 5% 
5V+ 5% 
5V + 10% 
5Vt 5% 
5V + 10% 
5V+ 5% 
5V+ 10% 
5Vt 5% 
5V + 10% 
5Vt 5% 
5V + 10% 
5V+ 5% 
5V + 10% 


5V+ 5% 
5V+ 5% 
5V + 10% 
5V+ 5% 
5V + 10% 
5V+ 5% 
5V + 10% 
5V+ 5% 
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ExpressROM™ Devices (cont.) 


Number Operating Power 
Part Organization | Access Temp Package of Pins Act/Stdby Max Supply 
Number Time(ns) | Range Types DIP/PLCC (mW) Voltage 


Am27X256-200 32K x 8 138/0.55 5V + 10% 
Am27X256-255 32K x 8 138/0.55 5V+ 5% 
Am27X256-250 32K x 8 138/0.55 5V + 10% 
Am27X256-305 32K x 8 138/0.55 5V+ 5% 
Am27X256-300 32K x 8 138/0.55 5V + 10% 


220/0.55 5V+ 5% 
220/0.55 5V+ 5% 
220/0.55 5V + 10% 
220/0.55 5V+ 5% 
220/0.55 5V + 10% 
220/0.55 5V+ 5% 
220/0.55 5V + 10% 
220/0.55 5V+ 5% 
220/0.55 5V + 10% 


Am27X512-155 64K x 8 
Am27X512-175 64K x 8 
Am27X512-170 64K x 8 
Am27X512-205 64K x 8 
Am27X512-200 64K x 8 
Am27X512-255 64K x 8 
Am27X512-250 64K x 8 
Am27X512-305 64K x 8 
Am27X512-300 64K x 8 


Am27X010-175 128K x 8 
Am27X010-205 128K x 8 
Am27X010-200 128K x 8 
Am27X010-255 128K x 8 
Am27X010-250 128K x 8 
Am27X010-305 128K x 8 
Am27X010-300 128K x 8 


165/0.55 5V+ 5% 
165/0.55 5Vt 5% 
165/0.55 5V + 10% 
165/0.55 5V+ 5% 
165/0.55 5V + 10% 
165/0.55 5V+ 5% 
165/0.55 5V + 10% 


275/1.1 5V+ 5% 
275/1.1 5V+ 5% 
275/1.1 5V + 10% 
275/1.1 5V+ 5% 
275/1.1 5V + 10% 
275/1.1 5V+ 5% 
275/1.1 5V + 10% 


Am27X1024-175 64K x 16 
Am27X1024-205 64K x 16 
Am27X1024-200 64K x 16 
Am27X1024-255 64K x 16 
Am27X1024-250 64K x 16 
Am27X1024-305 64K x 16 
Am27X1024-300 64K x 16 


QAQAMQQAQ0N0Q0 AO2N0N0000 O20N00900000 200009 
VVVVVVVU VDVVVVVVU VDVVVVVVVVU jWvV VV 
Cita Gr he Coke ° Gre te Cota te Ste Ge ta ee ta en 6 Se. Se ee ee Ge 


* Contact the local AMD sales office for the availability of this device family. 
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UV EPROMs OTP EPROMs 


Am27C64 Am27C128 Am27C256 Am27C512 
cs 2048k 4096K 
Am27C010 Am27C020 Am27C4096 
Am27C1024 Am27C2048 


UV Erasable PROMs 


Number Operating Power 
Part Organization Access Temp Package of Pins Act/Stdby Max? 
Number Time(ns) | Range’ Types* | DIP/LCC(PLCC) (mW) 


138/0.55 5V+t 5% 
138/0.55 5V+ 5% 
138/0.55 5V + 10% 
138/0.55 5V+ 5% 
138/0.55 5V + 10% 
138/0.55 5V+ 5% 
138/0.55 5V + 10% 
138/0.55 5V+ 5% 
138/0.55 5V + 10% 
138/0.55 5V+ 5% 
138/0.55 5V + 10% 
138/0.55 5V+t 5% 
138/0.55 5V + 10% 
138/0.55 5V+ 5% 
138/0.55 5V + 10% 


Am27C64-55 
Am27C64-75 
Am27C64-70 
Am27C64-95 
Am27C64-90 
Am27C64-125 
Am27C64-120 
Am27C64-155 
Am27C64-150 
Am27C64-205 
Am27C64-200 
Am27C64-255 
Am27C64-250 
Am27C64-305 
Am27C64-300 


- 
- 
- 


Oe eR a Re 


jaaaaaaaa cada 


138/0.55 5V+ 5% 
138/0.55 5V+t 5% 
138/0.55 5V + 10% 
138/0.55 5V+ 5% 
138/0.55 5V + 10% 
138/0.55 5V+ 5% 
138/0.55 5V + 10% 
138/0.55 5V+ 5% 
138/0.55 5V + 10% 
138/0.55 5V+ 5% 
138/0.55 5V + 10% 
138/0.55 5Vt 5% 
138/0.55 5V + 10% 
138/0.55 5V+ 5% 
138/0.55 5V + 10% 


Am27C128-55 
Am27C128-75 
Am27C128-70 
Am27C128-95 
Am27C128-90 
Am27C128-125 
Am27C128-120 
Am27C128-155 
Am27C128-150 
Am27C128-205 
Am27C128-200 
Am27C128-255 
Am27C128-250 
Am27C128-305 
Am27C128-300 


eS eS A aa ae ER 


DODO NOANAIANNVNINAAQ ANANNXNNKHXNNN2NXHONN40NO 


ogo999090909000 00000 Nv9v9V9C9C0C0C0000000 
are! all dae ok smal a an cae Wee Ua ud Ain ae og IRON act iil pak Get mat Oat dee lnee gaat Jah so aretha ie 


VVVVVVUVV UV 
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Erasable PROMs (cont.) 
Number Operating Power 
Part Organization Access Temp Package of Pins Act/Stdby Max Supply 
Number Time(ns) | Range Types |DIP/LCC(PLCC) (mW) Voltage 


Am27C256-55 
Am27C256-75 
Am27C256-70 
Am27C256-95 
Am27C256-90 
Am27C256-105 
Am27C256-100 
Am27C256-125 
Am27C256-120 
Am27C256-155 
Am27C256-150 
Am27C256-175 
Am27C256-170 
Am27C256-205 
Am27C256-200 
Am27C256-255 
Am27C256-250 
Am27C256-305 
Am27C256-300 


Am27C512-95 
Am27C512-90 
Am27C512-125 
Am27C512-120 
Am27C512-155 
Am27C512-150 
Am27C512-175 
Am27C512-170 
Am27C512-205 
Am27C512-200 
Am27C512-255 
Am27C512-250 
Am27C512-305 
Am27C512-300 


32K x 8 


32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 


64K x 8 
64K x 8 
64K x 8 
64K x 8 
64K x 8 
64K x 8 
64K x 8 
64K x 8 
64K x 8 
64K x 8 
64K x 8 
64K x 8 
64K x 8 
64K x 8 


Pa ae ee SE a 


a. eee ee I aT a 


VVVVVVVVVVVU 
Ccaauaauaagdaacadaa 


VUVVVUVUVUVVU VOU 
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138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 
138/0.55 


220/0.55 
220/0.55 
220/0.55 
220/0.55 
220/0.55 
220/0.55 
220/0.55 
220/0.55 
220/0.55 
220/0.55 
220/0.55 
220/0.55 
220/0.55 
220/0.55 


5V+ 5% 
5V+ 5% 
5V + 10% 
5V+ 5% 
5V + 10% 
5V+ 5% 
5V + 10% 
5V+ 5% 
5V + 10% 
5V+ 5% 
5V + 10% 
5V+ 5% 
5V + 10% 
5V+ 5% 
5V + 10% 
5V+ 5% 
5V + 10% 
5V+ 5% 
5V + 10% 


5V+ 5% 
5V + 10% 
5V+ 5% 
5V + 10% 
5V+ 5% 
5V + 10% 
5Vt 5% 
5V + 10% 
5V+ 5% 
5V + 10% 
5Vt 5% 
5V + 10% 
5V+ 5% 
5V + 10% 


AQAANANAANANNAANAANAAQA ANNAN AANA ANVNIAAQAQ ANNAN ANAANAANAANNANVNDAQA NN ANANANAN ANNAN INNXNONNNO 
ouv000000000 oo0900090090000N0NNO ovvv9v9o9090909090NNNOO yvvovo9v9oo0C9N0N0N0N VN NNN 
"ig eedh aca). at: ae ee he aed a eds gs sk ae oe et oe rads oat RRR abe" oo See ak bak Nat ad BEF cae a a Ot we see Ge LX) us Cah one ge! eel ae a et: 


Am27C010-105 128K x 8 ; 165/0.55 5Vt 5% 
Am27C010-100 128K x 8 ; 165/0.55 5V + 10% 
Am27C010-125 128K x 8 "e, ‘ 165/0.55 5V+ 5% 
Am27C010-120 128K x 8 ad : 165/0.55 5V + 10% 
Am27C010-155 128K x 8 I ; 165/0.55 5V+t 5% 
Am27C010-150 128K x 8 “4 ? 165/0.55 5V + 10% 
Am27C010-175 128K x 8 yt ors 165/0.55 5V+ 5% 
Am27C010-170 128K x 8 Le oP 165/0.55 5V + 10% 
Am27C010-205 128K x 8 A ee 165/0.55 5V+ 5% 
Am27C010-200 128K x 8 5h te 165/0.55 5V + 10% 
Am27C010-255 128K x 8 J 4S 165/0.55 5V+ 5% 
Am27C010-250 128K x 8 ke pheke 165/0.55 5V + 10% 
Am27C010-305 128K x 8 vA BE A, 165/0.55 5V+ 5% 
Am27C010-300 128K x 8 Ee mg 165/0.55 5V + 10% 
Am27C1024-105 64K x 16 : 275/1.1 5V+ 5% 
Am27C1024-100 64K x 16 ; 275/1.1 5V + 10% 
Am27C1024-125 64K x 16 | . 275/1.1 5V+ 5% 
Am27C1024-120 64K x 16 | ; 275/1.1 5V + 10% 
Am27C1024-155 64K x 16 ct : 275/1.1 5V+ 5% 
Am27C1024-150 64K x 16 | ; 275/1.1 5V + 10% 
Am27C1024-175 64K x 16 ~ a 275/1.1 5V+ 5% 
Am27C1024-170 64K x 16 See fla raw 275/1.1 5V + 10% 
Am27C1024-205 64K x 16 | ee 275/1.1 5V+t 5% 
Am27C1024-200 64K x 16 [ke seh 275/1.1 5V + 10% 
Am27C1024-255 64K x 16 A Oe A 275/1.1 5V+ 5% 
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Erasable PROMs (cont.) 


Operating Power 


Part Organization Access Package Act/Stdby Max Supply 


Number 


Am27C1024-250 
Am27C1024-305 
Am27C1024-300 


Am27C020-105** 


Am27C020-100 
Am27C020-125 
Am27C020-120 
Am27C020-155 
Am27C020-150 
Am27C020-175 
Am27C020-170 
Am27C020-205 
Am27C020-200 


Am27C2048-105** 


Am27C2048-100 
Am27C2048-125 
Am27C2048-120 
Am27C2048-155 
Am27C2048-150 
Am27C2048-175 
Am27C2048-170 
Am27C2048-205 
Am27C2048-200 


Am27C4096-125** 


Am27C4096-120 
Am27C4096-155 


64K x 16 
64K x 16 
64K x 16 


256K x 8 
256K x 8 
256K x 8 
256K x 8 
256K x 8 
256K x 8 
256K x 8 
256K x 8 
256K x 8 
256K x 8 


128K x 16 
128K x 16 
128K x 16 
128K x 16 
128K x 16 
128K x 16 
128K x 16 
128K x 16 
128K x 16 
128K x 16 


256K x 16 
256K x 16 
256K x 16 


Time(ns) 


mm m 


mm im 


Types 


0000 vv UV 
j.aa 


jaa a 


00 050 


Qa.aaa 


275/1.1 
275/1.1 
275/1.1 


165/0.55 
165/0.55 
165/0.55 
165/0.55 
165/0.55 
165/0.55 
165/0.55 
165/0.55 
165/0.55 
165/0.55 


165/0.55 
165/0.55 
165/0.55 
165/0.55 
165/0.55 
165/0.55 
165/0.55 
165/0.55 
165/0.55 
165/0.55 


275/0.55 
275/0.55 
275/0.55 
275/0.55 


Voltage 


5V + 10% 
5Vt 5% 
5V + 10% 


5V+ 5% 
5V + 10% 
5V+t 5% 
5V + 10% 
5V+ 5% 
5V + 10% 
5V+ 5% 
5V + 10% 
5V+ 5% 
5V + 10% 


5V+ 5% 
5V + 10% 
5V+ 5% 
5V + 10% 
5V+ 5% 
5V + 10% 
5V+ 5% 
5V + 10% 
5V+t 5% 
5V + 10% 


5V+ 5% 
5V + 10% 
5V+ 5% 
5V + 10% 


Am27C4096-150 256K x 16 
Am27C4096-175 256K x 16 
Am27C4096-170 256K x 16 
Am27C4096-205 256K x 16 
Am27C4096-200 256K x 16 


275/0.55 5V+ 5% 
275/0.55 5V + 10% 
275/0.55 5V+t 5% 
275/0.55 5V + 10% 


~ 
- 


00 00 
ce. c. ¢.. C. 


mM. i 


ooo09V90000 gv9g90009009090 gv9v9090000000 9909 
a a peel ak oa wok aa mu INe Aue O0d) Ud) Ah a er ame aa aT! Bok a ee (kit ia Dad i ON oe aE. aired! ae ae 


Cc 
Cc 
Cc 
C 
C 
C 
Cc 
C 
C 
Cc 
Cc 
Cc 
Cc 
C 
C 
C, 
C 
Cc 
Cc 
Cc 
C 
Cc 
C 
C 
Cc 
Cc 
C 
C 
C 
C 
C 


* Contact the local AMD sales office for the availability of this speed grade. 
** Contact the local AMD sales office for the availability of this device family. 


1-16 


Non-Volatile Memory Products Selector Guide 


Flash Memories 


Flash Windowless Flash 
EPROMs EEPROMS 


Am27F256 Am27F512 Am27F010 Am28F256 Am28F512 Am28F010 
Flash Windowless EPROMs* 


Operating Power 
Part Organization Access Temp Package Act/Stdby Max? 
Number Time(ns) | Range’ Types? 


Am27F 256-95 32K x 8 
Am27F256-90 32K x 8 
Am27F256-125 32K x 8 
Am27F256-120 32K x 8 
Am27F256-155 32K x 8 
Am27F256-150 32K x 8 
Am27F256-175 32K x 8 
Am27F256-170 32K x 8 
Am27F256-205 32K x 8 
Am27F256-200 32K x 8 
Am27F256-255 32K x 8 
Am27F256-250 32K x 8 


155/0.6 5V+ 5% 
155/0.6 5V + 10% 
155/0.6 5V+ 5% 
155/0.6 5V + 10% 
155/0.6 5V+ 5% 
155/0.6 5V + 10% 
155/0.6 5V+ 5% 
155/0.6 5V + 10% 
155/0.6 5V+ 5% 
155/0.6 5V + 10% 
155/0.6 5Vt 5% 
155/0.6 5V + 10% 


oO9000 g9N909N9N9NNNVNNN 9yv99N909NNNVVNTS 
‘page greet pea) anh MRM cough geal atch dealt amma aye eek goede al cua are aR cual ich ee aad ad nuh eh con pr ell aa ie 
VVVVU VUVUVUVVVVVVVVVU WU VV UU VV UU 


Ca ere SR RM: ee 


155/0.6 5V+ 5% 
155/0.6 5V + 10% 
155/0.6 5V+ 5% 
155/0.6 5V + 10% 
155/0.6 5V+ 5% 
155/0.6 5V + 10% 
155/0.6 5V+ 5% 
155/0.6 5V + 10% 
155/0.6 SV+t 5% 
155/0.6 5V + 10% 
155/0.6 5V+ 5% 
155/0.6 5V+ 10% 


Am27F512-105 64K x 8 
Am27F512-100 64K x 8 
Am27F512-125 64K x 8 
Am27F512-120 64K x 8 
Am27F512-155 64K x 8 
Am27F512-150 64K x 8 
Am27F512-175 64K x 8 
Am27F512-170 64K x 8 
Am27F512-205 64K x 8 
Am27F512-200 64K x 8 
Am27F512-255 64K x 8 
Am27F512-250 64K x 8 


.a.aaa GVaQaaaaaaaaa.a a a ee a ee ee ee ee ee Se ee 


TH Rn. 


~ 
- 
- 
. 
- 


155/0.6 5V+ 5% 
155/0.6 5V + 10% 
155/0.6 5V+ 5% 
155/0.6 5V + 10% 
155/0.6 5V+ 5% 


Am27F010-125 128K x 8 
Am27F010-120 128K x 8 
Am27F010-155 128K x 8 
Am27F010-150 128K x 8 
Am27F010-175 128K x 8 


m 


OQQONQNONQ ANNAAMANAANOAHNAQH NANNANHNHXNNANND 


* Contact the local AMD sales office for the availability of this device family. 
Operating power specifications are preliminary. 
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Flash Windowless EPROMs* (cont.) 


Operating Power 
Part Organization Access Package Act/Stdby Max Supply 
Number Time(ns) Types (mW) Voltage 


155/0.6 5V + 10% 
155/0.6 5V+ 5% 
155/0.6 5V + 10% 
155/0.6 5Vt 5% 
155/0.6 5V + 10% 
155/0.6 5V+ 5% 
155/0.6 5V + 10% 


Am27F010-170 128K x 8 
Am27F010-205 128K x 8 
Am27F010-200 128K x 8 
Am27F010-255 128K x 8 
Am27F010-250 128K x 8 
Am27F010-305 128K x 8 
Am27F010-300 128K x 8 


opD0D0DDDN 
ge ae) wae ne ak dl te 
“eu Uw io 
Cis Gy heheda Se 


- 
- 
- 
- 
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Flash EEPROMs* 


Operating Power 


Part 
Number 


Am28F256-95 

Am28F256-90 

Am28F256-105 
Am28F256-100 
Am28F256-125 
Am28F256-120 
Am28F256-155 
Am28F256-150 
Am28F256-175 
Am28F 256-170 
Am28F256-205 
Am28F256-200 
Am28F256-255 
Am28F256-250 


Am28F512-105 
Am28F512-100 
Am28F512-125 
Am28F512-120 
Am28F512-155 
Am28F512-150 
Am28F512-175 
Am28F512-170 


Organization 


32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 


64K x 8 
64K x 8 
64K x 8 
64K x 8 
64K x 8 
64K x 8 
64K x 8 
64K x 8 


Access 
Time(ns) 


- a - aa - - - — on ~ ~ 
~ ~~ _ ~ 


mao h-hh ra Th 


Package 
Types? 


Act/Stdby Max? 


155/0.6 
155/0.6 
155/0.6 
155/0.6 
155/0.6 
155/0.6 
155/0.6 
155/0.6 
155/0.6 
155/0.6 
155/0.6 
155/0.6 
155/0.6 
155/0.6 


155/0.6 
155/0.6 
155/0.6 
155/0.6 
155/0.6 
155/0.6 
155/0.6 
155/0.6 


Supply 
Voltage 


5Vt 5% 
5V + 10% 
5V+ 5% 
5V + 10% 
5V+ 5% 
5V + 10% 
5V+ 5% 
5V + 10% 
5V+ 5% 
5V + 10% 
5V+t 5% 
5V + 10% 
5V+ 5% 
5V + 10% 


5V+ 5% 
5V + 10% 
5V+t 5% 
5V + 10% 
5V+ 5% 
5V + 10% 
5V+ 5% 
5V + 10% 


155/0.6 5Vt 5% 
155/0.6 SV + 10% 
155/0.6 5V+ 5% 
155/0.6 5V + 10% 


Am28F512-205 64K x 8 
Am28F512-200 64K x 8 
Am28F512-255 64K x 8 
Am28F512-250 64K x 8 


(Tas We SS 


155/0.6 5V+ 5% 
155/0.6 5V + 10% 
155/0.6 5V+ 5% 
155/0.6 5V + 10% 
155/0.6 5V+ 5% 
155/0.6 5V + 10% 
155/0.6 5V+ 5% 
155/0.6 SV + 10% 
155/0.6 5Vt 5% 
155/0.6 5V+ 10% 
155/0.6 SV+ 5% 
155/0.6 5V + 10% 


Am28F010-125 128K x 8 
Am28F010-120 128K x 8 
Am28F010-155 128K x 8 
Am28F010-150 128K x 8 
Am28F010-175 128K x 8 
Am28F010-170 128K x 8 
Am28F010-205 128K x 8 
Am28F010-200 128K x 8 
Am28F010-255 128K x 8 
Am28F010-250 128K x 8 
Am28F010-305 128K x 8 
Am28F010-300 128K x 8 


oe: i SR a 


caaaaaaaauaaada a. Qaaaaaaaaaaa. cad jaaaaaaaaaaaa cd 


~ 
- 
- 
- 
~ 


C 
C 
C 
C 
Cc 
C 
C 
C 
C 
C 
Cc 
C 
C 
Cc 
C 
C 
C 
C 
C, 
Cc 
Cc 
Cc 
C 
C 
C 
C 
C 
C 
Cc 
C 
C 
C 
Cc 
Cc 
C 
C 
Cc 
C 


ooo0o09090000000 ovoe99090000000 sv90909000000 0000 
Ce Cee eee Oe Lee ee ree LL Pree Fo er eee ft teres 
VUVVUVVVUVUVUVVUVUVU VVVUVUVUVUVVVVVVUD VUVUVVVVVVUVVUVUVVDV 


* Contact the local AMD sales office for the availability of this device family. 
Operating power specifications are preliminary. 
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Am2864AE 
Am2864BE 


Electrically Erasable PROMs 


Operating Power 


Part Organization Access Temp Package Act/Stdby Max? Supply 
Number Time(ns) | Range’ Types? (mW) Voltage 


Am2864AE-205* 
Am2864AE-200 
Am2864AE-255 
Am2864AE-250 
Am2864AE-305 
Am2864AE-300 
Am2864AE-355 
Am2864AE-350 


770/390 5V+5% 
770/390 5V + 10% 
770/390 5V+5% 
770/390 5V + 10% 
770/390 5V+5% 
770/390 5V + 10% 
770/390 5V + 5% 
770/390 5V + 10% 


oo900000 s90000000 
“aye eet a) ond oak ad. a eB ar ao jae von ue ie Sa tau 
VVVVVVV VU $V 0000 UU 


109 3 EON BRE | 


=f jaaiaaaaa jJaaaaaa. a 


770/390 5V+5% 
770/390 5V + 10% 
770/390 5V + 5% 
770/390 5V + 10% 
770/390 5V+5% 
770/390 5V + 10% 
770/390 5V+5% 
770/390 5V + 10% 


Am2864BE-205* 
Am2864BE-200 
Am2864BE-255 
Am2864BE-250 
Am2864BE-305 
Am2864BE-300 
Am2864BE-355 
Am2864BE-350 


QQOQNNANN A2Hg20000 
momimim 


* AE fully compliant to industry standard part with Pin 1 No Connect; BE version has Pin 1 as a Ready/Busy output. 


Notes: 
' Temperature Range 
C = Commercial (0° to 70°C) 
1 = Industrial (-40° to +85°) 
E = Extended (-55° to +125°C also available in DESC.) 


2 Package Types 


C = Ceramic DIP 

L = Rectangular Ceramic Leadiess Chip Carrier 
P = Plastic DIP 

J = Rectangular Plastic Leaded Chip Carrier 


3 Operating Power 
CMOS inputs at 0 to 70°C. 
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ct 


Advanced 
Micro 
Devices 


NMOS 
Static RAM 


Introduction 

AMD’s current product offerings in NMOS range from 1K to 16K 
densities. 

Future offerings in ASIC RAMs include Am99C134, a 4K x 8 high 
speed CMOS Dual Port RAM with 35-nsec access time. Other 
offerings include master/slave CMOS Dual Ports with busy and 
interrupt features (Am99C 1341/1441). 


Application 
Specific RAMs 


Another ASIC RAM product currently in production is Am99C10, 
a proprietary high performance CMOS Content Addressable 
Memory (CAM) with a capacity of 256 words and 48 bits per word. 
Am99C10 is optimized for address decoding in Local Area Net- 
works (LAN) and bridging applications. 
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NMOS 
Static RAM 


High 
Speed 
Static 


General 


Purpose 
Static 


Am9114 Am9128 Am9122 Am2147 Am2167 
Am9044 Am2148 Am2168 
Am21L41 Am2149 Am2169 
Am9150 


NMOS Static RAM 
1K Static RAMs 


Power Dissipation (u.W) 
Part Access Supply 
Number Organization Time (ns) Voltage Package 


Am9122-25 D,P 
Am9122-35 D, P 
Am91L22-25 D,P 
Am91L22-45 D, P 


4K Static RAMs 


Part Access Supply 
Number Organization Time (ns) Voltage Package 


Am21L41-12 4096 x 1 
Am21L41-15 4096 x 1 
Am21L41-20 4096 x 1 
Am21L41-25 4096 x 1 
Am9044B 4096 x 1 
Am90L44B 4096 x 1 
Am9044C 4096 x 1 
Am90L44C 4096 x 1 
Am9044D 4096 x 1 
Am90L44D 4096 x 1 
Am9044E 4096 x 1 
Am90L44E 4096 x 1 


vVvuVVVVVVVV VU 


C 
Cc 
C 
Cc 
C 
Cc 
Cc 
Cc 
Cc 
C 
Cc 
Cc 


oou000000 0000 
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4K Static RAMs (cont.) 


Part 
Number 


Am9114B 
Am91L14B 
Am9114C 
Am91L14C 
Am9114E 
Am91L14E 
Am2147-35 
Am2147-45 
Am2147-55 
Am2147-70 
Am21L47-45 
Am21L47-55 
Am21L47-70 
Am2148-35 
Am2148-45 
Am2148-55 
Am2148-70 
Am21L48-45 
Am21L48-55 
Am21L48-70 
Am2149-35 
Am2149-45 
Am2149-55 
Am2149-70 
Am21L49-45 
Am21L49-55 
Am21L49-70 


Application Specific RAMs 


Part 
Number 


Am9150-20 
Am9150-25 


Am9150-35 
Am9150-45 
Am91L50-20 
Am91L50-25 
Am91L50-35 
Am91L50-45 


1024 x 4 
1024 x 4 
1024 x 4 
1024 x 4 
1024 x 4 
1024 x 4 
4096 x 1 
4096 x 1 
4096 x 1 
4096 x 1 
4096 x 1 
4096 x 1 
4096 x 1 
1024 x4 
1024 x 4 
1024 x 4 
1024 x 4 
1024 x 4 
1024 x 4 
1024 x4 
1024 x 4 
1024 x 4 
1024 x 4 
1024x 4 
1024 x 4 
1024x 4 
1024 x 4 


Organization 


1024 x 4 
1024 x4 
1024 x 4 
1024 x 4 
1024 x 4 
1024 x4 
1024 x 4 
1024x 4 


Access 
Organization Time (ns) 


450 


Access 
Time (ns) 


Power Dissipation | Power Dissipation (.W) | 


350 
250 
350 
250 
350 


Power Dissipation (uW) 


Static RAMs Selector Guide 


Supply 
Voltage 


aAaaanaaaaiaiwniaanianaagaaraaniawanaan nun 


Supply 
Voltage 


Q2N0000 
Soe rs 


rekon 


z= 


zzz 


NQAADNDANAINDIAANMDIAANAAANNNDA 
=s=s 


zzz 


QNQAQARK0NNNO 


Package 


vvuvT vv VU 


Sr fe ee Ph ee ee a re ER 
cvwuvuVVVvVTVVTVVT VV VV oT Tv 


vv TU 


ooov900009090909090N909N90N e090 00000 "09 


Package 


PUB ne TGR 


vTvuvT VU 


p0DDDDDODNO 
UVUUDV 
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16K Static RAMs 


Part Access 
Number Organization Time (ns) 


Am9128-10 
Am9128-12 
Am9128-15 
Am9128-20 
Am9128-70 
Am9128-90 
Am2167-35 
Am2167-45 
Am2167-55 
Am2167-70 
Am2168-35 
Am2168-45 
Am2168-55 
Am2168-70 
Am2169-35 
Am2169-40 
Am2169-50 
Am2169-70 
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2048 x 8 
2048 x 8 
2048 x 8 
2048 x 8 
2048 x 8 
2048 x 8 
16384 x 1 
16384 x 1 
16384 x 1 
16384 x 1 
4096 x 4 
4096 x 4 
4096 x 4 
4096 x 4 
4096 x 4 
4096 x 4 
4096 x 4 
4096 x 4 


Power | Power Dissipation (uW) (uW) 


Supply Temp 
Voltage Range Package 


ZONOEZO 
=Ss=: 


zzz zzz 


OQAADHANANANNYO 


z= 


U0 0 UU 50 U0 0 U0 0 0 vTv0 TU Uv 
ra Pe Ete G0 Rey: 


Roh ohohohohohohohohoohohojohohoh~) 
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Application 
Specific RAMs 


Content 
Addressable 
Memory 


Am2130 Am99C10 


Am99C134* 
Am99C1341* 
Am99C1441* 


Application Specific RAMs 
Dual Port RAM 


Power Dissipation (uW) 
Part Access Supply Temp 
Number Organization | Time (ns) 5 eee “% Range Package 
Am2130 1024 x8 55/70/100/120 | 605/220 C,M D, P, J 
Am2140 1024 x 8 11 605/220 C,M D, P, J 


Am99C134* 4096 x 8 900 4 J 
Am99C1341* 4096 x 8 
Am99C1441* 4096 x 8 
(Slave) 


* Future Products 


Content Addressable Memory (CAM) 


Power — (uW) 
Part Access 
Number Organization Time (ns) 
<< Pe pepe pe 


Supply 
Voltage 


Range Package 


Ge 
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Advanced 
Micro 
Devices 
High 
Performance 
PROMs 
Advantages of AMD PROM Devices 
= Broadest BIPOLAR/CMOS PROM product line in the = Commercial 16K, 64K, and 128K CMOS PROMs in 
industry production are pin and speed compatible with their Bipolar 
m= AMD’s IMOX™ process produces the industry’s fastest counterparts 
bipolar PROMs m= Future plans for CMOS PROMs include 16K registered and 
m= AMD’s Dual-Metal EPROM technology produces the 32K densitites 
industry’s fastest CMOS PROMs 
m Highly reliable, ultra-fast programming platnium-silicide 
fuses guarantees extremely high (>98%) programming 
yields for Am27Sxxx Series 
Features/Benefits Typical applications include: 


Low Voltage generic programming Microprogramming controls 


PNP inputs for low input current State machines 
Three state outputs Mapping functions 
Registered outputs options Code conversion 
Many are offered in 300-mil SKINNYDIP® package 


Some are offered in power-switched version 


Character generator 


Next address generation 
Look-up table 


Logic Replacement 
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Bipolar 
PROMs 
TTL Standard 
Industry Standard TTL Registered 
and Ultra Fast 
L x 4with 
5 ed On-Chip Standard Registered 
ensity Diagnostics 
32x8 256x4 4Kx4 2K x 8 512x8 1Kx4 2K x8 2K x 8* 
256x8 512x4 4Kx 8 1Kx8 2K x 4 4K x 8° 8K x 8* 
512x8 1Kx4 8K x 8 2K x 8 4Kx4 8K x 8 
1Kx8 2K x 4 16K x 8 16K x8 


* In development 


Standard PROMs 


AMD Part Number 
Number Organization of Pins rs Packages 


Am27LS19 32x 8 

Am27S19 32x 8 

Am27S19A 32x 8 

AM27S19SA 32x 8 

Am27S21 256 x 4 
Am27S21A 256 x 4 
53/63S281 | 256 x 8 
53/63S281A 256 x 8 
Am27S13 512x4 
Am27S13A 512x4 
Am27S29 512x8 
Am27S29A 512x8 
Am27S29SA 512x8 
Am27S31 512x8 
Am27S31A 512x8 
Am27S33 1024 x 4 


rereeee 


PWR iy Bay A RT DEP ARG k salt SR MRP ee BUD ANY a 
ies 


7Zz 
== 


TATA TATA TTT 


rerereeeer 


oOo99009000 2200000090 
VUVVVVVVV]SZZ2UVVVIVVYV 


Notes: 1. Commercial = 0 to 75°C, V,,. = 5V 15%. 
Military = -55 to 125°C, V,,. = 5V 10%. 


Packages: 

Am27SXXX Series 53/63SXXX Series 

D -—Ceramic DIP J —-PlasticLeaded Chip Carrier J —Ceramic DIP N -—Plastic DIP 

F -—Flat Pack P -—Plastic DIP JS -300 mil Ceramic DIP NS —300 mil Plastic DIP 
L -Leadless Chip Carrier L —Leadless Chip Carrier W -—-Ceramic Flat Pack 


NL — Plastic Leaded Chip Carrier 
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Standard PROMs (cont.) 


AMD Part 
Number 


Am27S33A 
Am27S181 
Am27S181A 
Am27S281°) 
Am27S281A(?) 
53/63S881 
53/63S881A 
Am27S185 
Am27S185A 
Am27S191 
Am27S191A 
Am27PS191 
Am27PS191A 
Am27S191SA 
Am27S291() 
Am27S291 A) 
Am27S291SA) 
Am27PS8291(?) 
Am27PS291A) 
Am27S41 
Am27S41A 
Am27PS41 
Am27S43 
Am27S43A 
53/63S3281 
53/63S3281A 
53S3281B 
Am27S49 
Am72S49A-45 
Am27S49A 
Am27S49SA 
Am27S49-T@) 
Am27S49A-T®). 


Am27S49SA-T® 


Am27S51 
Am27S51A 


131072 


1024x4 
1024 x8 
1024 x 8 
1024x8 
1024 x8 
1024 x 8 
1024x8 
2048 x 4 
2048 x 4 
2048 x 8 
2048 x 8 
2048 x 8 
2048 x 8 
2048 x 8 
2048 x 8 
2048 x 8 
2048 x 8 
2048 x 8 
2048 x 8 
4096 x 4 
4096 x4 
4096 x 4 
4096 x 8 
4096 x 8 
4096 x8 
4096 x 8 
4096 x 8 
8192x8 
8192x8 
8192x8 
8192x8 
8192x8 
8192x8 
8192x8 
16384 x 8 
16384 x 8 


Notes: 1. Commercial = 0 to 75°C, V,,. = 5V 15%. 


Military = -55 to 125°C, V 


pete of 


Packages: 
Am27SXXX Series 


D 
F 
L 


— Ceramic DIP 
— Flat Pack 


— Leadless Chip Carrier 


J 
p 


= 5V +10%. 


— Plastic Leaded Chip Carrier J 


— Plastic DIP 


Number 
Organization of Pins 
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Packages 
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2. SKINNYDIP® 24-pin package—300 mil lateral centers. 3. In development. 


53/63SXXX Series 

— Ceramic DIP N -—Plastic DIP 
JS -—300 mil Ceramic DIP NS —300 mil Plastic DIP 
L —Leadless Chip Carrier W -—Ceramic Flat Pack 


NL —Plastic Leaded Chip Carrier 
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Registered PROMs 


AMD Part 
Number 


Am27S25®) 
Am27S25A?) 
Am27S25SA) 
Am27S27 
Am27S27A 
Am27S35) 
Am27S35A®) 
Am27S37°) 
Am27S37A® 
53/63RS881 
53/63RS881A 
Am27S45) 
Am27S45A?) 
Am27S45SA®) 
Am27S47®) 
Am27S47A®) 
Am27S47SA®) 
53/63RA1681 
53/63RA1681A 
53/63RS 1681 
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Organization 
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2048 x 8 
2048 x 8 
2048 x 8 
2048 x 8 
2048 x 8 
2048 x 8 
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53/63RS1681A 2048 x 8 


Registered PROMs with On-Chip Diagnostics 


Clock 
To Output 
Times 
AMD Part Number C/M“” 
Number Organization of Pins Packages 


Am27S85) 4096 x 4 
Am27S85A) 4096 x 4 


Military = -55 to 125°C, V., = 5V 410%. 


Packages: 

Am27SXXX Series 53/63SXXX Series 

D -—-Ceramic DIP J —-Plastic Leaded Chip Carrier J —Ceramic DIP N —Plastic DIP 

F -—-Flat Pack P -—Plastic DIP JS -300 mil Ceramic DIP NS —300 mil Plastic DIP 
L —Leadless Chip Carrier L  —Leadless Chip Carrier W -—Ceramic Flat Pack 


NL — Plastic Leaded Chip Carrier 


Ss 
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CMOS PROMs 


Part Number 
Number Organization of Pins Packages 
24 


Am27C49-35 TS 
Am27C49-45 
Am27C49-55 
Am27C191-25 
Am27C191-35 
Am27C191-45 
Am27C291-25() 
Am27C291-35() 
Am27C291-45(2) 
Am27C51-45°) 
Am27C51-55°) 
Am27C51-65) 
Am27C45-20°) 
Am27C45-25) 
Am27C45-35®) 
Am27C43-35) 
Am27C43-45() 


oo0o00000c99c00ce 00 0000 


Notes: 1. Commercial = 0 to 75°C, V,, = 5V 45%. 
Military = -55 to 125°C, V.,. = 5V £10%. 
2. SKINNYDIP 24-pin package—300 mil lateral centers. 
3. In development. 


Packages: 

Am27SXXX Series 53/63SXXX Series 

D —Ceramic DIP J —Plastic Leaded Chip Carrier J —Ceramic DIP -N- —Plastic DIP 

F -—Fiat Pack P -—Plastic DIP JS -300 mil Ceramic DIP NS —300 mil Plastic DIP 
L  —Leadless Chip Carrier L —Leadless Chip Carrier W -—Ceramic Flat Pack 


NL —Plastic Leaded Chip Carrier 
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CMOS First-in First-out (FIFO) 256x9-Bit Buffer Devices 
DISTINCTIVE CHARACTERISTICS 
« RAM based FIFO - Status flags — full, half-full, empty 
* 256x9 organization * Retransmit capability 
« Cycle times of 35/45/65/80/100 nanoseconds « Expandable in both width and depth 
- Asynchronous and simultaneous writes and + Increased noise immunity for XI - CMOS threshold 
reads - Functional and pin compatible with industry standard 
+ Low power consumption devices 
— 60 mA max, -35/50/65/80 
— 70 mA max, -25 
GENERAL DESCRIPTION 


The Am7200 is a RAM-based CMOS FIFO that is 256 High-density FIFOs such as the Am7200 are useful in a 
words deep with 9-bit wide words. It is expandable to any wide range of applications. The ability to buffer large 


width and/or depth to create much larger FIFOs. transfers of data and the rate adaption capabilities make 
the Am7200 useful in communication, image processing, 
This FIFO can accept data and output data asynchro- mass storage, DSP, and printing systems. 


nously and simultaneously at data rates from 0 to 28.5 
MHz. Status flags are provided to signify empty, full, and 
half-full conditions. The capability also exists to retransmit 
data from the FIFO. 


BLOCK DIAGRAM 
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POINTER POINTER 
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Figure 1. 


Publication # Rev. Amendment 
10804 Cc /0 
issue Date: February 1989 
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CONNECTION DIAGRAMS 


DIP PLCC 


Am7200 
Am7200 


Note: Pin 1 is marked for orientation. 

Pin Designations: W = Write 

R = Read 

RS = Reset 

FL/RT = First Load/Retransmit 

D, = Data In 

Q, = Data Out 

Xi = Expansion In 

XO/HF = Expansion Out/Half-Full Flag 

FF = Full Flag 

EF = Empty Flag 

Voc = Supply Voltage 

GND = Ground 

NC = No Connect 


ORDERING INFORMATION 
Am7200 - 25 PC 


Standard Products | 
a. PART NUMBER 


AMD standard products are available in several packages. The 
order number (Valid Combination) is formed by a combination of: b. PERFORMANCE 


a. Part Number ACCESS TIME 
b. Performance 25 =25ns 
c. Package Type 35 =35ns 
d. Operating Conditions 50 =50ns 
65 =65ns 


NOTE: AMD has changed the part numbers on the high-density 
FIFOs. The following part numbers are equivalent devices with 
the same DC and AC electrical characteristics. 


80 =80ns 
c. PACKAGE TYPE 
D = Ceramic DIP (600 mil) - CD 028 
Am7200 67C4500 J = Plastic Leaded Chip Carrier - PL 032 
Am7201 6704501 R = Plastic DIP (300 mil) - PD 3028 


Am7202 67C4502 


Am7203 6704503 d. OPERATING CONDITIONS 
Am7204 = C = Commercial (0°C to 70°C) 
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ABSOLUTE MAXIMUM RATINGS 


RAINY NGHOOG NY once riers tees ness eens -0.5Vto+7.0V 
WEE VONBOS on. sicstyctoroinminicn -0.5VtoV,,.+05V 
Operating temperature ............eeccccsesseeseeserseceeenes 0°C to + 70°C 
Storage teMperature ........ccecccccceceecsesteeeeestnees -55°C to + 150°C 
CSR ono os scans cserivassisrrashiivs-coetseccuccsee 1.0 W 
BAe I CU OT ois ices isicire cer nines 50 mA 


Stresses above those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maximum 
ratings for extended periods may affect device reliability. 


DC CHARACTERISTICS Commercial: V,,. = 5 V + 10%, T, = 0°C to + 70°C 


Am7200-25 |Am7200-35 |Am7200-50 /Am7200-65 |Am7200-80 
Parameter t, = 25 ns | t, = 35 ns | t, = 50 ns | t, =65ns | t, = 80ns 


Description Min. Max. | Min. Max. | Min. Max. | Min. Max. | Min. Max. 


Input Leakage Current (any input) (Note 1) 
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Output Leakage Current (data outputs) (Note 2) | -10 10 


Input High Voltage (all inputs except Xl) (Note 3 
V 


2.0 


oe 


Input Low Voltage (all inputs except xl) (Note 3) 


) 
Output Logic “1” Voltage |,,,=-2 mA 24 - 
| 


Output Logic “0” voltage |,, = 8 mA 


Average V_.,, Power Supply Current (Note 4) 


Average Standby Current 
(R = W=RS =FLAT = V,,) (Note 4) 


Power Down Current (all inputs = V_,,. -0.2 V) 
ce (Note 4) 


Notes: 1. Measurements with GND <V,..< V,<. 
a: ReV.,GNDsV.,.5 V,-- 
3. These are absolute voltage levels with respect to the ground pins on the device and include all overshoots due to system 
or tester noise. Do not attempt to test these values without suitable equipment. 


4. |,, measurements are made with outputs open. 
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AC CHARACTERISTICS v,,, = 5 V + 10%, T, = 0°C to + 70°C 


Parameter Parameter Am7200-25 | Am7200-35 | Am7200-50 | Am7200-65; Am7200-80 
Symbol Description Min. Max. | Min. Max. | Min. Max. | Min. Max.| Min. Max. 


Write and Flag Timing 
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Write HIGH to Empty Flag HIGH 


Write pulse HIGH to data bus ed 
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Le at LOW Z (Note 1) 


= 


Read pulse LOW to data bus 
LZ at LOW Z (Note 1) 


Data Valid from read pulse HIGH 3 


Read pulse HIGH to data bus 
HZ at HIGH Z (Note 1) 


ae Read HIGH to Full Flag HIGH 
Read HIGH to Half Full-Flag HIGH 
Read LOW to Empty Flag LOW 4,8 


Reset Timing 
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Reset Cycle Time 100 
Reset Pulse Width 


Reset Setup Time 
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Reset Recovery Time 
Reset to Empty Flag LOW 
Reset to Half-Full Flag High 
t. Reset to Full Flag HIGH 
Retransmit Timing 
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FUNCTIONAL DESCRIPTION 


The Am7200 CMOS FIFO is designed around a 256x9 dual-port 
static RAM array. (See Figure 1.) RAM-based FIFOs store the 
data written into them in a sequential pattern. 


The dual-port RAM array has dedicated write and read address 
pointers. The flag logic prevents illogical writes and reads from oc- 
curring. The Empty Flag prevents reading while empty, which is 
a data underflow condition, while the Full Flag prevents writing 
while full, which is a data overflow condition. Once data that has 
been stored at a given address is read, it can be overwritten. 


Address pointers automatically overflow to address zero after 
reaching address 255. Thus the flag status of the FIFO is a 
function of the difference between the pointers, not their absolute 
value. 


Resetting the FIFO simply initializes both address pointers to 
address zero. Pulsing Retransmit initializes the read address 
pointer to zero without affecting the write address pointer. 


Expansion Logic is used when implementing a FIFO of a depth 
greater than that of the Am7200. The write, read, data-in and data- 
out lines of the Am7200 are connected in parallel, and the 
Expansion-Out (XO) and the Expansion-In (XI) lines are daisy- 
chained together. The write and read control circuits of the individ- 
ual FIFOs are automatically enabled and disabled through the 
handshake between XO and XI. 


OPERATIONAL DESCRIPTION 

Resetting The FIFO 

Upon power up, the FIFO must be initialized with a Reset cycle. 
(See Figure 2.) The states of XI and FL are used during the reset 
cycle to determine the FIFO’s mode of operation, as shown in 
Tables 1 and 2. For a valid reset cycle to occur, both the Read 
(R) and Write (W) signals must be HIGH t,.., prior to andt,.,, after 
the rising edge of Reset (RS). The reset cycle initializes the FIFO 
to an empty condition, signified by the Empty Flag (EF) being 
LOW, active, and both the Half-Full (HF) and Full Flag (FF) being 
HIGH, inactive. 


trs 


hee DEE: é trss 


tEFL 


& AAA 


tHFH 


5 ALLL LLLLLLLLLLL LLL 


tFFH 


Figure 2. Reset Timing 


Writing Data To The FIFO 


The HIGH state of the Full Flag (FF) indicates that the FIFO is 
capable of accepting data. The falling edge of Write (W) initiates 
awrite cycle. (See Figure 3.) Data appearing at inputs DO-D8 t,, , 
prior to and t,,,, after the rising edge of W will be stored sequentially 
in the FIFO. 


The LOW- to-HIGH transition of the Empty Flag (EF) occurs t,, 
after the rising edge of W during the first write cycle on an empty 
FIFO. (See Figure 4.) The Half-Full Flag /HF) will go LOWt, ,, after 
the falling edge of W during the write operation which creates the 
half-full condition. (See Figure 5.) HF will remain LOW, while the 
number of writes to the FIFO exceeds the number of reads by 128 
or more. The Half-Full Flag is not available in Depth-Expansion 
Mode. The Full Flag (FF) goes LOW t,,... after the falling edge of 
W during the write cycle which creates a full condition. (See 
Figure 6.) A full condition exists when there have been 256 more 
write cycles than read cycles. The Full Flag being active prohibits 
any further write operations, thus preventing data overflow situ- 
ations. 


Reading Data From The FIFO 


The HIGH state of the Empty Flag (EF) indicates that the FIFO is 
ready to output data. The falling edge of Read (R) initiates a read 
cycle. (See Figure 3.) Valid data appears on the outputs Q0-Q8 
t, after the falling edge of R, and remains until t,,, after the rising 
edge of R. Q0-Q8 return to a high-impedance state when a valid 
read is not in progress. 


The Full Flag (FF) will go HIGH t,-, after the rising edge of Rduring 
the first read cycle following a full condition. (See Figure 6.) The 
Half-Full Flag (HF) will go HIGH t,,,.. after the rising edge of R 
during the read operation, which eliminates the half-full condition. 
(See Figure 5). HF will remain HIGH, while the number of writes 
to the FIFO exceeds the number of reads by 127 or less. The Half- 
Full Flag is not available in Depth-Expansion Mode. The HIGH-to- 
LOW transition of EF occurs t,... after the falling edge of R during 
the read cycle, which creates an empty condition. (See Figure 4.) 
An empty condition exists when there has been an equal number 
of write cycles and read cycles. The Empty Flag being active 
prohibits any further read operations, thus preventing a data 
underflow situation. 


Half-Full Flag 


The Half-Full (HF) Flag will be active LOW only when the net 
balance of the words written into the FIFO exceeds the number of 
words read out by 128 or more. (See Figure 5.) 


Care should be exercised in using the Half-Full Flag, because it 
is capable of producing arbitrarily short pulses. For example, ifthe 
FIFO contains128 words, and Read and Write pulses are applied 
simultaneously, the HF flag may produce an arbitrarily short 
pulse, depending on the precise phase of Read and Write. 


HF will always settle to the correct state after the appropriate 
delay, t,,- Or ty,,-- This property of the Half-Full Flag is clearly a 
function of the dynamic relation between W and R. Generally, the 
use of level-sensitive, rather than edge-sensitive, status detection 
circuits will alleviate this hazard. 
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RESET AND RETRANSMIT TRUTH TABLE Singie-Device Configuration/Width-Expansion Mode 


Internal Status 


| RS | FLAT | FL/RT a Read Pointer Write Pointer | EF | FF | HF | 
ee ee ee 


oer ee ee 
Read/Write ee Increment (Note 2) Increment (Note 2) 


Notes: 1. Flags will change to show correct state according to write pointer. 
2. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle. 


Table 1. 


RESET AND FIRST LOAD TRUTH TABLE Depth-Expansion/Compound-Expansion Mode 


internal Status 


FL/RT Pees Read Pointer Write Pointer ge eae 


ani ee ele he Note 1) [tects | teetonewo |e Lt 
Reset all XO ; , 
oie ae (Note 1) | toaaionzee | texans | oo | 
Read/Write 1 x X0 Increment (Note 3) Increment (Note 3) X X 
(Note 2)} (Note 1) 


Notes: 1. XI is connected to XO of previous device. See Figure 12. 
2. Same as during Reset Cycle. 
3. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle. 


Table 2. 


tps ———> |< DH > 


Do-Dg DATA IN VALID DATA IN VALID 


Milheiieeenrsennorns Nasials <«—_—_——— tRR—_—___> 


ih ie 


Qy-Qg aay DATA OUT VALID CO a DATA OUT VALID — a 


tRa¢——_—_—_—_—_—_——__—___—_——_> 


Figure 3. Asynchronous Write and Read Timing 
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LAST READ NEXT WRITE ane rce NEXT READ 
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DATA 
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Figure 4. Empty Flag Timing 


(See Note) 


Note: Depending on the precise phase of Ww and R, the Half-Full Flag may appear as a pulse of arbitrarily short 
duration of either polarity when W and R are operating asynchronously near half full. 


Figure 5. Half-Full Flag Timing 


ADDITIONAL NEXT WRITE 


LAST WRITE NEXT READ 


Figure 6. Full Flag Timing 
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Retransmit 


The retransmit function resets the read address pointer allowing 
the data that was previously read to be read again. This capability 
is useful when the block of data being transferred through the 
FIFO doesn’t exceed the FIFO’s depth and is intended for use 
when there are 256 or less writes between reset cycles. 


The FL/RT is used as the Retransmit (RT) input in Single-Device 
Mode. RT, an active LOW-going pulse of at least t,, in duration, 
returns the internal read pointer to address zero and leaves the 
write pointer unaffected. W and R must both be HIGH during the 
retransmit cycle. The first write or read cycle should not start until 
tarp after the rising edge of RT. The flags may change state during 
this cycle, but they will accurately reflect the new state of the FIFO 
taro after the falling edge of RT. (See Figure 7 and Table 1). 


Single-Device/Width-Expansion Modes 
Single-Device and Width-Expansion Modes are configured by 


grounding the Expansion-in (XI) input. (See Figures 10 and 11, 
and Tabie 1.) During these modes of operation, the Half-Full Flag 
and Retransmit features are available. The Am7200 can be ex- 
panded in width to create FIFOs of word widths greater than nine 
bits. In Width-Expansion Mode ali of the control line inputs are 
common to all devices. (See Figure 11.) Creating composite 
status flags can pose two hazards. 1.) OR-ing the flag outputs is 
fine for the HIGH-to-LOW transition, because the skew between 
devices is masked out. However, when the flags make a LOW- 
to-HIGH transition, a false composite flag is generated. 2.) The 
converse is true when the flags are AND-ed: the LOW-to-HIGH 
transition is fine, and the HIGH-to-LOW generates a false flag. 


These two hazards can be avoided if one device’s flags are used 
as the flags for the expanded FIFO, and the write control circuitry 
and read control circuitry is designed to hold off sampling the flags 
until the worst case settling time (ty--, twuc twee tree tap aNd 
twee) for each flag has elapsed. 


Depth-Expansion Mode 


Depth-Expansion Mode is configured during the Reset cycle. 
(See Figure 12 and Table 2.) Expansion Out (XO) of one device 
must be connected to Expansion In (XI) of the next device, with 
XO of the last device being connected to XI of the first device. The © 
device that is to receive data first has its First Load (FL) input tied 
LOW, while all other devices must have this input HIGH. Write and 
read control is passed between devices using XO and XI. ALOW- 
going pulse on XO occurs when the last physical location of an 
active device, address 255, is written to, and another LOW-going 
pulse occurs when the last physical location of an active device is 
read. Only one device is enabled for writes, and only one device 
is enabled for reads at any given time. 


When expanding in depth, a composite Full Flag must be created 
by OR-ing all the FF outputs together. Likewise, a composite 
Empty Flag is created by OR-ing all the EF outputs together. The 
Half-Full Flag and Retransmit functions are not available in Depth- 
Expansion Mode. 


Compound Expansion 


FIFOs of greater width and depth than the Am7200 can be created 
by using both Width-Expansion Mode and Depth-Expansion 
Mode simultaneously. (See Figure 13.) 


tgy—_—_____» 


FL/RT 


~<-tRTR 


tet¢ ———— 


Note: EF, HF and FF may change state during Retransmit as a result of the 


offset of the read and write pointers, but the flags will be valid at t 


RTC 


Figure 7. Retransmit Timing 
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Ww 

—<-——_ 'ppE 
R 

~<— prt 
EF 


mi 
— AAD cues) 


Note: (t..- = ticw ter = tae) 


Figure 8. Read Data Flow-Through Mode 
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FF 
s ‘DH 
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DATA OUT 


Note: (twor = byw twer = twee) 
Figure 9. Write Data Flow-Through Mode 
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DATA IN 


HALF-FULL FLAG 


WRITE READ 
DATA IN DATA OUT FULL FLAG 
FULL FLAG EMPTY FLAG RESET 


RESET Be 


RETRANSMIT 


Figure 10. Single FIFO Configuration 


WRITE 


READ 
EMPTY FLAG 


RETRANSMIT 


Q(N-8)-QNn 


DEPTH 
EXPANSION 
BLOCK 


DoDy = Dyg-DN = Dyy-gy Dn 


Figure 13. FIFO Array Using Both Width-Expansion and 
Depth-Expansion Techniques 


Figure 14. Bidirectional FIFO Mode 
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AC TEST CONDITIONS 5V 


Input pulse levels GND to 3.0 V 


620 0 


TO OUTPUT 
PIN 


1.5V 390 Q 30 pF 


Output load See Figure 15 


* Includes jig and scope capacitances. 


Figure 15. A.C. Test Load 


CAPACITANCE (T, = + 25°C, f = 1.0 MHz) 


Note: 1. For reference only. 
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Am7/201-25/35/50/65/80 


CMOS First-In First Out (FIFO) 


DISTINCTIVE CHARACTERISTICS 
RAM based FIFO 

512x9 organization 

Cycle times of 35/45/65/80/100 nanoseconds 


Asynchronous and simultaneous writes and 
reads 


Low power consumption 
— 60 mA max, -35/50/65/80 
— 70 mA max, -25 


GENERAL DESCRIPTION 


The Am7201 is a RAM-based CMOS FIFO that is 512 
words deep with 9-bit wide words. It is expandable to any 
width and/or depth to create much larger FIFOs. 


This FIFO can accept data and output data asynchro- 


512x9-Bit Buffer 


ct 


Advanced 
Micro 


* Status flags — full, half-full, empty 
« Retransmit capability 
¢ Expandable in both width and depth 


* Increased noise immunity for XI - CMOS threshold 


Devices 


* Functional and pin compatible with industry standard 


devices 


High-density FIFOs such as the Am7201 are useful in a 
wide range of applications. The ability to buffer large 
transfers of data and the rate adaption capabilities make 
the Am7201 useful in communication, image processing, 
mass storage, DSP, and printing systems. 


nously and simultaneously at data rates from 0 to 28.5 
MHz. Status flags are provided to signify empty, full, and 
half-full conditions. The capability also exists to retrans- 
mit data from the FIFO. 


BLOCK DIAGRAM 


DO0-D8 
DATA 
y | INPUTS 
WRITE READ 
POINTER POINTER 


DATA 
OUTPUTS oe 


RS 
FL/RT 
EXPANSION 
LOGIC 
Figure 1. 
ication # Rev. Amendment 
2-14 10175 D /0 


Issue Date: January 1989 


CONNECTION DIAGRAMS 
DIP 


Am7201 


Pin Designations: W = Write 
R = Read 
RS = Reset 
FLURT = First Load/Retransmit 
D, = Data In 
Q, = Data Out 
Xl = Expansion In 
XO/HF = Expansion Out/Half-Full Flag 
FF = Full Flag 
EF = Empty Flag 
Voc = Supply Voltage 
GND = Ground 
NC = No Connect 


ORDERING INFORMATION 


Standard Products 


AMD standard products are available in several packages. The 
order number (Valid Combination) is formed by a combination of: 
a. Part Number 

b. Performance 

c. Package Type 

d. Operating Conditions 


NOTE: AMD has changed the part numbers on the high-density 
FIFOs. The following part numbers are equivalent devices with 
the same DC and AC electrical characteristics. 


New P/N Old P/N 


Am7200 6704500 
Am7201 6704501 
Am7202 6704502 
Am7203 67C4503 


Am7204 


PLCC 


Note: Pin 1 is marked for orientation. 


Am7201 - 25PC 


a. PART NUMBER Beecher 


b. PERFORMANCE 
ACCESS TIME 
25 =25ns 
35 =35ns 
50 =50ns 
65 =65ns 
80 =80ns 


c. PACKAGE TYPE 
P = Plastic DIP (600 mil) - PD 028 
D = Ceramic DIP (600 mil) - CD 028 
J = Plastic Leaded Chip Carrier - PL 032 
R = Plastic DIP (300 mil) - PD 3028 


d. OPERATING CONDITIONS 
C = Commercial (0°C to 70°C) 
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ABSOLUTE MAXIMUM RATINGS 


SUDDIY VOURQG, Vi Git iscsi -0.5Vto+7.0V 
GOGO i -0.5VtoV,,.+0.5V 
Operating temperature .............ccecececccseeeeeenserees 0°C to + 70°C 
Storage temperature 0.0.00... ececeeecceseeesecereeees -§5°C to + 150°C 
POWGl UISSINAUON 6 i ec cs 1.0 W 
IG OUISUT GUITBNG ook cei ee 50 mA 


Stresses above those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maximum 
ratings for extended periods may affect device reliability. 


DC CHARACTERISTICS Commercial: V,, = 5 V + 10%, T, = 0°C to + 70°C 


Am7201-25|Am7201-35|Am7201-50 |Am7201-65 |Am7201-80 
Parameter = t, = 35 ns | t, = 50 ns | t, =65ns | t, = 80ns 


Description Min. Max. | Min. Max. | Min. Max. | Min. Max. | Min. Max. 


Input Leakage Current (any input) (Note 1) 
a Output Leakage Current (data outputs) (Note 2) 
a Input High Voltage (all inputs except Xl) (Note 3) }20 - |20 -|20 -|20 -|20 -| Vv 
[i fonirisionmeiows| — ae — ee — waaay 
Pn loonie iomwsy fas [as — fos - [as — fos |v 


aa ee ee ee 
Dee Output Logic “1” Voltage |,,,=-2 mA 26 = BA ek Be ee 
oe Output Logic “0” voltage |, = 8 mA 2 ea) = on] ge ck 
eo Average V.. Power Supply Current (Note 4) ee 


Average Standby Current 

(R = W=RS = FLAT = V,,) (Note 4) 

Power Down Current (all inputs = V,,,, -0.2 V) or 
(Note 4) 


Notes: 1. Measurements with GND <V,,< Veg 


IN 
2. R> Viy GND <V,,,¢ V, 
3. These are absolute voltage levels with respect to the ground pins on the device and include all overshoots due to system 
or tester noise. Do not attempt to test these values without suitable equipment. 


4. |,, measurements are made with outputs open. 
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AC CHARACTERISTICS v,, = 5 V + 10%, T, = 0°C to + 70°C 


Parameter Parameter Am7201-25 | Am7201-35 | Am7201-50 | Am7201-65| Am7201-80 
Symbol Description Min. Max. | Min. Max. | Min. Max. | Min. Max.| Min. Max. 


Write and Flag Timing 


i Wiecem | ale ee me le 
ee Gepiewen cs | orl ee me eo 
tm _[Wite RecoveryTime sf 8 [to | | [ts [a [me 
[te [Dataseuptine «| ae [as [ve [> | [ao [me 
[tw [Daahosting Tse fo fe LO fe 
[twr _[WrieLOWioFulFagtow [68 [=| s | | | [rs 
[tor [Wie LowioHarulFieptow | s [ee [as [es [eo | t00 | ns 
a [entemNes | 48 | 8) ele ee 
Write pulse HIGH to data bus 

a!LOWz tt) Bho es ee 

aoe 100 [ns 


Read Recovery Time 


Read Pulse Width 3 


: 

at LOW Z (Note 1) 

: 

HZ at HIGH Z (Note 1) 

. 43 

Reset Timing 

a 

35 
Peer: 
ae 


: 
aw 
on 

ss 

ws —s 

oO on 

oO 


Oto 
aa S| 
on or; Oo 


ial 
oO 
ak 
=) 
oO 


oO 
—_ 
oi 
Nh 
oO 


er 
ic 
oO 
| 


Oo 
on 
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PW 
LZ 
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xz is 
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w 
oO 
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oO 
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oO 


di 
” 


t.. Reset to Empty Flag LOW 
Reset to Half-Full Flag High 
i. Reset to Full Flag HIGH 


Retransmit Timing 


tare 
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Retransmit Cycle Time 
Retransmit Pulse Width 
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FUNCTIONAL DESCRIPTION 


The Am7201 CMOS FIFO is designed around a 512x9 dual-port 
static RAM array. (See Figure 1.) RAM-based FIFOs store the 
data written into them in a sequential pattern. 


The dual-port RAM array has dedicated write and read address 
pointers. The flag logic prevents illogical writes and reads from oc- 
curring. The Empty Flag prevents reading while empty, which is 
a data underflow condition, while the Full Flag prevents writing 
while full, which is a data overflow condition. Once data that has 
been stored at a given address is read, it can be overwritten. 


Address pointers automatically overflow to address zero after 
reaching address 511. Thus the flag status of the FIFO is a 
function of the difference between the pointers, not their absolute 
value. 


Resetting the FIFO simply initializes both address pointers to 
address zero. Pulsing Retransmit initializes the read address 
pointer to zero without affecting the write address pointer. 


Expansion Logic is used when implementing a FIFO of a depth 
greater than that of the Am7201. The write, read, data-in and data- 
out lines of the Am7201 are connected in parallel, and the 
Expansion-Out (XO) and the Expansion-in (XI) lines are daisy- 
chained together. The write and read control circuits of the individ- 
ual FIFOs are automatically enabled and disabled through the 
handshake between XO and XI. 


OPERATIONAL DESCRIPTION 

Resetting The FIFO 

Upon power up, the FIFO must be initialized with a Reset cycle. 
(See Figure 2.) The states of XI and FL are used during the reset 
cycle to determine the FIFO’s mode of operation, as shown in 
Tables 1 and 2. For a valid reset cycle to occur, both the Read 
(R) and Write (W) signals must be HIGH t,., prior to andt,..,, after 
the rising edge of Reset (RS). The reset cycle initializes the FIFO 
to an empty condition, signified by the Empty Flag (EF) being 
LOW, active, and both the Half-Full (HF) and Full Flag (FF) being 
HIGH, inactive. 


=A 11 f- S trss 


tEFL 


& AAA 


tHFH 


ALLL LLLLLLLLLLL LLL 


tFFH 


Figure 2. Reset Timing 
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_ Writing Data To The FIFO 


The HIGH state of the Full Flag (FF) indicates that the FIFO is 
capable of accepting data. The falling edge of Write (W) initiates 
awrite cycle. (See Figure 3.) Data appearing at inputs DO-D8 t, , 
prior to and t,,,, after the rising edge of W will be stored sequentially 
in the FIFO. 


The LOW- to-HIGH transition of the Empty Flag (EF) occurs t,,- 
after the rising edge of W during the first write cycle on an empty 
FIFO. (See Figure 4.) The Half-Full Flag /HF) will go LOWt,,,,. after 
the falling edge of W during the write operation which creates the 
half-full condition. (See Figure 5.) HF will remain LOW, while the 
number of writes to the FIFO exceeds the number of reads by 256 
or more. The Half-Full Flag is not available in Depth-Expansion 
Mode. The Full Flag (FF) goes LOW t,.. after the falling edge of 
W during the write cycle which creates a full condition. (See 
Figure 6.) A full condition exists when there have been 512 more 
write cycles than read cycles. The Full Flag being active prohibits 
any further write operations, thus preventing data overflow situ- 
ations. 


Reading Data From The FIFO 
The HIGH state of the Empty Flag (EF) indicates that the FIFO is 


ready to output data. The falling edge of Read (R) initiates a read 
cycle. (See Figure 3.) Valid data appears on the outputs Q0-Q8 
t, after the falling edge of R, and remains until t,, after the rising 
edge of R. QO-Q8 return to a high-impedance state when R is 
inactive, when the FIFO is empty, or when the FIFO is in Depth 


Expansion Mode but is not active. 


The Full Flag (FF) will go HIGH t,.., after the rising edge of Rduring 
the first read cycle following a full condition. (See Figure 6.) The 
Half-Full Flag (HF) will go HIGH t,,,, after the rising edge of R 
during the read operation, which eliminates the half-full condition. 
(See Figure 5). HF will remain HIGH, while the number of writes 
to the FIFO exceeds the number of reads by 255 or less. The Half- 
Full Flag is not available in Depth-Expansion Mode. The HIGH-to- 
LOW transition of EF occurs t,,., after the falling edge of R during 
the read cycle, which creates an empty condition. (See Figure 4.) 
An empty condition exists when there has been an equal number 
of write cycles and read cycles. The Empty Flag being active 
prohibits any further read operations, thus preventing a data 
underflow situation. 


Half-Full Flag 


The Half-Full (HF) Flag will be active LOW only when the net 
balance of the words written into the FIFO exceeds the number of 
words read out by 256 or more. (See Figure 5.) 


Care should be exercised in using the Half-Full Flag, because it 
is capable of producing arbitrarily short pulses. For example, if the 
FIFO contains 256 words, and Read and Write pulses are applied 
simultaneously, the HF flag may produce an arbitrarily short 
pulse, depencing on the precise phase of Read and Write. 


HF will always settle to the correct state after the appropriate 
delay, t,,,,- Or t,,,-. This property of the Half-Full Flag is clearly a 
function of the dynamic relation between W and R. Generally, the 
use of level-sensitive, rather than edge-sensitive, status detection 
circuits will alleviate this hazard. 
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RESET AND RETRANSMIT TRUTH TABLE Single-Device Configuration/Width-Expansion Mode 


internal Status 


RS FL/RT oo Read Pointer Write Pointer | EF | FF | 
a a 


mee [|e fe memes wee pcb acl 
Pome [te el eee pees 


Notes: 1. Flags will change to show correct state according to write pointer. 
2. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle. 


Table 1. 


RESET AND FIRST LOAD TRUTH TABLE Depth-Expansion/Compound-Expansion Mode 


internal Status 


[runt] | teedromer | witerome | =F | WF 


Reset-first device oe Location zero Location zero 1 
(Note 1) 
Reset all | XO 


x0 
Read/Write TeSalediy Increment (Note 3) Increment (Note 3) ae 


Notes: 1. Xl is connected to XO of previous device. See Figure 12. 
2. Same as during Reset Cycle. 
3. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle. 


Table 2. 


tps ———>|~« tpbH > 


Do-Dg DATA IN VALID DATA IN VALID 


ee ty a—_—_— tprR—_—___ 


<—__—— tg, —_> ~t-———— (py 


Qp-Qg a DATA OUT VALID 3 .) DATA OUT VALID oe 


UE a 


Figure 3. Asynchronous Write and Read Timing 
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LAST READ NEXT WRITE ce” NEXT READ 
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Figure 4. Empty Flag Timing 


(See Note) 


Note: Depending on the precise phase of Ww and R, the Half-Full Flag may appear as a pulse of arbitrarily short 
duration of either polarity when W and R are operating asynchronously near half full. 


Figure 5. Half-Full Flag Timing 


LAST WRITE NEXT READ ADDITIONAL NEXT WRITE 


Figure 6. Full Flag Timing 
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Retransmit 


The retransmit function resets the read address pointer allowing 
the data that was previously read to be read again. This capability 
is useful when the block of data being transferred through the 
FIFO doesn’t exceed the FIFO’s depth and is intended for use 
when there are 512 or less writes between reset cycles. 


The FL/RT is used as the Retransmit (RT) input in Single-Device 
Mode. The retransmit capability is intended for use when there are 
512 orless writes between reset cycles. RT, an active LOW-going 
pulse of at least t,, in duration, initializes the internal read pointer 
to address zero and leaves the write pointer unaffected. W and 
R must both be HIGH during the retransmit cycle. The first write 
or read cycle should not start until t,,, after the rising edge of RT. 
The flags may change state during this cycle, but they will 
accurately reflect the new state of the FIFO t,_.. after the falling 
edge of RT. (See Figure 7 and Table 1). 


Single-Device/Width-Expansion Modes 


Single-Device and Width-Expansion Modes are configured by 
grounding the Expansion-in (Xl) input. (See Figures 10 and 11, 
and Table 1.) During these modes of operation, the Half-Full Flag 
and Retransmit features are available. The Am7201 can be ex- 
panded in width to create FIFOs of word widths greater than nine 
bits. In Width-Expansion Mode all of the control line inputs are 
common to all devices. (See Figure 11.) Creating composite 
status flags can pose two hazards. 1.) OR-ing the flag outputs is 
fine for the HIGH-to-LOW transition, because the skew between 
devices is masked out. However, when the flags make a LOW- 
to-HIGH transition, a false composite flag is generated due to the 
skew between devices. 2.) The converse is true when the flags 
are AND-ed: the LOW-to-HIGH transition is fine, and the HIGH- 


tRT 
FLURT 


to-LOW generates a false flag. These two hazards can be 
avoided if one device’s flags are used as the flags for the 
expanded FIFO, and the write control circuitry and read control 
circuitry is designed to hold off sampling the flags until the worst 
case settling time (ty--s twiues twee tree taye and ty,-) for each flag 
has elapsed. 


Depth-Expansion Mode 


Depth-Expansion Mode is configured during the Reset cycle. 
(See Figure 12 and Table 2.) Expansion Out (XO) of one device 
must be connected to Expansion In (XI) of the next device, with 
XO of the last device being connected to XI of the first device. The 
device that is to receive data first has its First Load (FL) input tied 
LOW, while all other devices must have this input HIGH. Write and 
read control is passed between devices using XO and XI. ALOW- 
going pulse on XO occurs when the last physical location of an 
active device, address 511, is written to, and another LOW-going 
pulse occurs when the last physical location of an active device is 
read. Only one device is enabled for writes, and only one device 
is enabled for reads at any given time. 


When expanding in depth, a composite Full Flag must be created 
by OR-ing all the FF outputs together. Likewise, a composite 
Empty Flag is created by OR-ing all the EF outputs together. The 
Half-Full Flag and Retransmit functions are not available in Depth- 
Expansion Mode. 


Compound Expansion 


FIFOs of greater width and depth than the Am7201 can be created 
by using both Width-Expansion Mode and Depth-Expansion 
Mode simultaneously. (See Figure 13.) 


~<-tRTR 


"aa ga eatare Noes 


Note: EF, HF and FF may change state during Retransmit as a result of the 
offset of the read and write pointers, but the flags will be valid at t,_.. 


Figure 7. Retransmit Timing 
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DATA IN X 


Ww 

<———tppeE 
R 

~<—'RFT 
EF 


WWW 
— ) NAAN Gua, 


Note: (tape =taew: tae = thee) 
Figure 8. Read Data Flow-Through Mode 


R 
Ww 
FF 
2 tou 
DATA IN 
DATA IN VALID b 


ta ibe fe 


DATA OUT 


Note: (tor = twew Wwer = twee) 
Figure 9. Write Data Flow-Through Mode 
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DATA IN 


HALF-FULL FLAG 


WRITE 
READ 


DATA OUT FULL FLAG 
EMPTY FLAG RESET 
RETRANSMIT 


READ 
EMPTY FLAG 


WRITE 
DATAIN = 
FULL FLAG 


reser (5), 


RETRANSMIT 


Figure 12. 


Qo -Qg Qo -Q17 


Qo -Qg Qg -Q47 
DEPTH DEPTH 
EXPANSION EXPANSION 


R,W,R 
BLOCK BLOCK 
ee DgP17 
Do -Dy eee 
PoPy =e PN 
Figure 13. FIFO Array Using Both Width-Expansion and Figure 14. Bidirectional FIFO Mode 


Depth-Expansion Techniques 
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AC TEST CONDITIONS 


Input pulse levels 
Input rise and fall times ae 
Input timing reference levels 
Output reference levels 
Output load 


CAPACITANCE (7, = + 25°C, f = 1.0 MHz) 


= ee Se 
pF 


Note: 1. For reference only. 
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5V 


6200 


TO OUTPUT 
PIN 


390 22 30 pF 


* Includes jig and scope capacitances. 


Figure 15. A.C. Test Load 
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CMOS First-In First Out (FIFO) 1024x9-Bit Buffer Devices 
DISTINCTIVE CHARACTERISTICS 
¢ RAM based FIFO ¢ Status flags — full, half-full, empty 
¢ 1024x9 organization ¢ Retransmit capability 
« Cycle times of 35/45/65/80/100 nanoseconds * Expandable in both width and depth 
* Asynchronous and simultaneous writes and * Increased noise immunity for XI - CMOS threshold 
reads - Functional and pin compatible with industry standard 
« Low power consumption devices 
— 60 mA max, -35/50/65/80 
— 70 mA max, -25 
GENERAL DESCRIPTION 


The Am7202 is a RAM-based CMOS FIFO that is 1024 High-density FIFOs such as the Am7202 are useful in a 

words deep with 9-bit wide words. It is expandable to any wide range of applications. The ability to buffer large 

width and/or depth to create much larger FIFOs. transfers of data and the rate adaption capabilities make 
the Am7202 useful in communication, image processing, 

This FIFO can accept data and output data asynchro- mass storage, DSP, and printing systems. 

nously and simultaneously at data rates from 0 to 28.5 

MHz. Status flags are provided to signify empty, full, and 

half-full conditions. The capability also exists to retrans- 

mit data from the FIFO. 


BLOCK DIAGRAM 


DO-D8 
DATA 
‘| INPUTS 


WRITE READ 
POINTER POINTER 
DATA 
OUTPUTS ea 


EXPANSION 
LOGIC 


Figure 1. 


Publestion# A A iment 
10473 Cc /0 
Issue Date: January 1989 
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CONNECTION DIAGRAMS 


DIP PLCC 


Am7202 


Note: Pin 1 is marked for orientation. 


Pin Designations: W = Write 
R = Read 
RS = Reset 
FURT = First Load/Retransmit 
D, = Data In 
Q, = Data Out 
XI = Expansion In 
XO/HF = Expansion Out/Half-Full Flag 
FF = Full Flag 
EF = Empty Flag 
Voc = Supply Voltage 
GND = Ground 
NC = No Connect 


ORDERING INFORMATION 


Am7202 - 
Standard Products m7202 - 25 PC 
AMD standard products are available in several packages. The | 

order number (Valid Combination) is formed by a combination of: a. PART NUMBER 

a. Part Number 


ig ao eee b. PERFORMANCE 


c. Package Type seem ong 
d. Operating Conditions 35 = 35ns 
50 =50ns 
NOTE: AMD has changed the part numbers on the high-density 65 =65ns 
FIFOs. The following part numbers are equivalent devices with 80 =80ns 


the same DC and AC electrical characteristics. 


New P/N Old P/N P = Plastic DIP (600 mil) - PD 028 


Am7200 6704500 D = Ceramic DIP (600 mil) - CD 028 
Am7201 6704501 J = Plastic Leaded Chip Carrier - PL 032 
Am7202 6704502 R = Plastic DIP (300 mil) - PD 3028 


Am7203 67C4503 
Am7204 ae d. OPERATING CONDITIONS 


C = Commercial (0°C to 70°C) 


c. PACKAGE TYPE 
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ABSOLUTE MAXIMUM RATINGS 


DUDDIY VONRGO AV pn cc rcsieccsrsscsecnisicsereersipiennsaeses -0.5Vto+7.0V 
AE VON eric veseccatsinrisessscsenes ertsenc 0.5 VtoV.,+0.5V 
Operating temperature .............cccecceccceceseenseneeseees 0°C to + 70°C 
Storage temperature ...... ccs eceeeeeseeeneee -55°C to + 150°C 
OWT CSSIDAUON scsi 1.0 W 
DG GUM COON ce 50 mA 


Stresses above those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maximum 
ratings for extended periods may affect device reliability. 


DC CHARACTERISTICS Commercial: Vv, = 5 V + 10%, T, = 0°C to + 70°C 


Am7202-25 |Am7202-35 |Am7202-50 | Am7202-65 |Am7202-80 
Parameter t, = 25 ns | t, = 35 ns | t, = 50 ns | t, = 65ns | t, =80ns 


Description Min. Max. | Min. Max. | Min. Max. | Min. Max. | Min. Max. 


Input Leakage Current (any input) (Note 1) | 

eo Output Leakage Current (data outputs) (Note 2) -10 

Input High Voltage (all inputs except XI) ( Note 3) esr = 
ae Input Low Voltage (all inputs except XI) (Note 3) oan geromen cat 
eet ee le 


ie Output Logic “0 voltage |, =8 mA 


Average V.... Power Supply Current (Note 4) 


lect 


Average Standby Current 
(R = W =RS = FLAT = V,,) (Note 4) 


Power Down Current fall inputs = V,,, -0.2 V) 
(Note 4) — 


Notes: 1. Measurements with GND < Vas tan 
2. R2 Vi4.GND SV. 3 Voc 
3. These are absolute voltage levels with respect to the ground pins on the device and include all overshoots due to system 
or tester noise. Do not attempt to test these values without suitable equipment. 


4. |,, measurements are made with outputs open. 
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AC CHARACTERISTICS v,,, = 5 V + 10%, T, = 0°C to + 70°C 


Parameter Parameter Am7202-25 | Am7202-35 | Am7202-50 | Am7202-65/ Am7202-80 
Symbol Description Figures | Min. Max. | Min. Max. | Min. Max. | Min. Max.| Min. Max. 


Write and Flag Timing 


100 


io) 
or 


oO 


Write Cycle Time 45 
Write Pulse Width 25 
Write Recovery Time 0 
Data Setup Time 3,9 15 
Data Hold Time 

Write LOW to Full Flag LOW 
Write LOW to Half-Full Flag LOW 
Write HIGH to Empty Flag HIGH 


Write pulse HIGH to data bus 
LZ at LOW Z (Note 1) 


Read and Flag Timing 


3 
= 


Read pulse LOW to data bus 
2 at LOW Z (Note 1) 


Ly Data Valid from read pulse HIGH 


Read pulse HIGH to data bus 
Hz at HIGH Z (Note 1) 


Read HIGH to Full Flag HIGH 
Read HIGH to Half Full-Flag HIGH 
Read LOW to Empty Flag LOW 4,8 


Reset Timing 


‘ail 
pa — i Ww 
oO oOo; on 


18 30 


» 
oO 


n 


a 
on 


5) 


4,8 


F 


ok —hk 
oO ao 
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o1 
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oO 
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>) 
eh 
© 
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oO 
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sé 


35 
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eS 


nn 
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OO 
G3 te 
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os NO ie) 
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st — 
oO o1 
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oO oO 
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© ol 
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© 
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NO 
o1 
w 
oO 
> 
on 


—s 
i=) 
Oo 


a aks 
Oo; Oo 
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Reset Cycle Time 
Reset Pulse Width 
Reset Setup Time 


on 


Reset Recovery Time 1 
Reset to Empty Flag LOW 

Reset to Half-Full Flag High 

Reset to Full Flag HIGH 


Retransmit Timing 


ioe) 


5 
35 
35 


ae 
ao; o 


mil 


45 


Mi M1 @ 
oO;m]}o;n 
—~ |W! 
© OI 
— 
on 
— 
on 


z 


io) 
on 


Retransmit Cycle Time 45 100 
hee Retransmit Pulse Width 


heen Retransmit Recovery Time 


di 
= 
oO 


eal 
oO 


on 
is) 
sal 
uo 


—_ 
je 
—_ 


Note: 1. Characterized parameters. 
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FUNCTIONAL DESCRIPTION 


The Am7202 CMOS FIFO is designed around a 1024x9 dual-port 
static RAM array. (See Figure 1.) RAM-based FIFOs store the 
data written into them in a sequential pattern. 


The dual-port RAM array has dedicated write and read address 
pointers. The flag logic prevents illogical writes and reads from oc- 
curring. The Empty Flag prevents reading while empty, which is 
a data underflow condition, while the Full Flag prevents writing 
while full, which is a data overflow condition. Once data that has 
been stored at a given address is read, it can be overwritten. 


Address pointers automatically overflow to address zero after 
reaching address 1023. Thus the flag status of the FIFO is a 
function of the difference between the pointers, not their absolute 
value. 


Resetting the FIFO simply initializes both address pointers to 
address zero. Pulsing Retransmit initializes the read address 
pointer to zero without affecting the write address pointer. 


Expansion Logic is used when implementing a FIFO of a depth 
greater than that of the Am7202. The write, read, data-in and data- 
out lines of the Am7202 are connected in parallel, and the 
Expansion-Out (XO) and the Expansion-In (XI) lines are daisy- 
chained together. The write and read control circuits of the individ- 
ual FIFOs are automatically enabled and disabled through the 
handshake between XO and XI. 


OPERATIONAL DESCRIPTION 

Resetting The FIFO 

Upon power up, the FIFO must be initialized with a Reset cycle. 
(See Figure 2.) The states of Xl and FL are used during the reset 
cycle to determine the FIFO’s mode of operation, as shown in 
Tables 1 and 2. For a valid reset cycle to occur, both the Read 
(R) and Write (W) signals must be HIGH t,,,.. prior to and t,,.,, after 
the rising edge of Reset (RS). The reset cycle initializes the FIFO 
to an empty condition, signified by the Empty Flag (EF) being 
LOW, active, and both the Half-Full (HF) and Full Flag (FF) being 
HIGH, inactive. 


Selene = 
wn ///f a tRss 


tEFL 


AUN 


tHFH 


5 ALLL LLLLLLLLLLL LLL 


tFFH 


Wl 


Figure 2. Reset Timing 


Writing Data To The FIFO 


The HIGH state of the Full Flag (FF) indicates that the FIFO is 
capable of accepting data. The falling edge of Write (W) initiates 
awrite cycle. (See Figure 3.) Data appearing at inputs DO-D8t,. 
prior to and t,,,, after the rising edge of W will be stored sequentially 
in the FIFO. 


The LOW- to-HIGH transition of the Empty Flag (EF) occurs t,-- 
after the rising edge of W during the first write cycle on an empty 
FIFO. (See Figure 4.) The Half-Full Flag /HF) will go LOWt,, after 
the falling edge of W during the write operation which creates the 
half-full condition. (See Figure 5.) HF will remain LOW, while the 
number of writes to the FIFO exceeds the number of reads by 512 
or more. The Half-Full Flag is not available in Depth-Expansion 
Mode. The Full Flag (FF) goes LOW t,,, after the falling edge of 
W during the write cycle which creates a full condition. (See 
Figure 6.) A full condition exists when there have been 1024 more 
write cycles than read cycles. The Full Flag being active prohibits 
any further write operations, thus preventing data overflow situ- 
ations. 


Reading Data From The FIFO 


The HIGH state of the Empty Flag (EF) indicates that the FIFO is 
ready to output data. The falling edge of Read (R) initiates a read 
cycle. (See Figure 3.) Valid data appears on the outputs Q0-Q8 
t, after the falling edge of R, and remains until t,, after the rising 
edge of R. Q0-Q8 return to a high-impedance state when a valid 
read is not in progress. 


The Full Flag (FF) will go HIGH t,,. after the rising edge of Rduring 
the first read cycle following a full condition. (See Figure 6.) The 
Half-Full Flag (HF) will go HIGH t,,,, after the rising edge of R 
during the read operation, which eliminates the half-full condition. 
(See Figure 5). HF will remain HIGH, while the number of writes 
to the FIFO exceeds the number of reads by 511 orless. The Half- 
Full Flag is not available in Depth-Expansion Mode. The HIGH-to- 
LOW transition of EF occurs t,,. after the falling edge of R during 
the read cycle, which creates an empty condition. (See Figure 4.) 
An empty condition exists when there has been an equal number 
of write cycles and read cycles. The Empty Flag being active 
prohibits any further read eperainns. thus preventing a data 
underflow situation. 


Half-Full Flag 


The Half-Full (HF) Flag will be active LOW only when the net 
balance of the words written into the FIFO exceeds the number of 
words read out by 512 or more. (See Figure 5.) 


Care should be exercised in using the Half-Full Flag, because it 
is capable of producing arbitrarily short pulses. For example, ifthe 
FIFO contains 512 words, and Read and Write pulses are applied 
simultaneously, the HF flag may produce an arbitrarily short 
pulse, depending on the precise phase of Read and Write. 


HF will always settle to the correct state after the appropriate 
delay, ty, Or t,,,-- This property of the Half-Full Flag is clearly a 
function of the dynamic relation between W and R. Generally, the 
use of level-sensitive, rather than edge-sensitive, status detection 
circuits will alleviate this hazard. 
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RESET AND RETRANSMIT TRUTH TABLE Single-Device Configuration/Width-Expansion Mode 


Internal Status 


RS | FL/RT a Read Pointer Write Pointer EF | FF | HF 
ee 
ee 

Read/Write eae Increment (Note 2) Increment (Note 2) 


Notes: 1. Flags will change to show correct state according to write pointer. 
2. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle. 


Table 1. 


RESET AND FIRST LOAD TRUTH TABLE Depth-Expansion/Compound-Expansion Mode 


Internal Status 


RS | FL/RT <2 Read Pointer Write Pointer coe | ee 


Reset all XO 


x0 


Notes: 1. XI is connected to XO of previous device. See Figure 12. 
2. Same as during Reset Cycle. 
3. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle. 


Table 2. 


pa tps ——>- |< tbH > 
Do-Dg DATA IN VALID DATA IN VALID 
————-tppw ~«-———— [RR > 
R 


<—— ty, ——_> —— hu 


Qp-Qg ro DATA OUT VALID C2 ee) DATA OUT VALID oO 


t RC eee 


Figure 3. Asynchronous Write and Read Timing 
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LAST READ NEXT WRITE ges ga NEXT READ 


ke 
ve 
C 


Ae | 
a 


Figure 4. Empty Flag Timing 


(See Note) 


Note: Depending on the precise phase of W and R, the Half-Full Flag may appear as a pulse of arbitrarily short 
duration of either polarity when W and R are operating asynchronously near half full. 


Figure 5. Half-Full Flag Timing 


ADDITIONAL NEXT WRITE 


LAST WRITE NEXT READ 


Figure 6. Full Flag Timing 
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Retransmit 


The retransmit function resets the read address pointer allowing 
the data that was previously read to be read again. This capability 
is useful when the block of data being transferred through the 
FIFO doesn’t exceed the FIFO’s depth and is intended for use 
when there are 1024 or less writes between reset cycles. 


The FL/RT is used as the Retransmit (RT) input in Single-Device 
Mode. RT, an active LOW-going pulse of at least t,., in duration, 
returns the internal read pointer to address zero and leaves the 
write pointer unaffected. W and R must both be HIGH during the 
retransmit cycle. The first write or read cycle should not start until 
tarp after the rising edge of RT. The flags may change state during 
this cycle, but they will accurately reflect the new state of the FIFO 
tare after the falling edge of RT. (See Figure 7 and Table 1). 


Single-Device/Width-Expansion Modes 


Single-Device and Width-Expansion Modes are configured by 
grounding the Expansion-in (XI) input. (See Figures 10 and 11, 
and Table 1.) During these modes of operation, the Half-Full Flag 
and Retransmit features are available. The Am7202 can be ex- 
panded in width to create FIFOs of word widths greater than nine 
bits. In Width-Expansion Mode all of the control line inputs are 
common to all devices. (See Figure 11.) Creating composite 
status flags can pose two hazards. 1.) OR-ing the flag outputs is 
fine for the HIGH-to-LOW transition, because the skew between 
devices is masked out. However, when the flags make a LOW- 
to-HIGH transition, a false composite flag is generated. 2.) The 
converse is true when the flags are AND-ed: the LOW-to-HIGH 
transition is fine, and the HIGH-to-LOW generates a false flag. 


tRT 


These two hazards can be avoided if one device’s flags are used 
as the flags for the expanded FIFO, and the write control circuitry 
and read control circuitry is designed to hold off sampling the flags 
until the worst case settling time (tyo., twurs twep tecer tay» and 
twr-) for each flag has elapsed. 


Depth-Expansion Mode 


Depth-Expansion Mode is configured during the Reset cycle. 
(See Figure 12 and Table 2.) Expansion Out (XO) of one device 
must be connected to Expansion In (XI) of the next device, with 
XO of the last device being connected to XI of the first device. The 
device that is to receive data first has its First Load (FL) input tied 
LOW, while all other devices must have this input HIGH. Write and 
read control is passed between devices using XO and XI. ALOW- 
going pulse on XO occurs when the last physical location of an 
active device, address 1023, is written to, and another LOW-going 
pulse occurs when the last physical location of an active device is 
read. Only one device is enabled for writes, and only one device 
is enabled for reads at any given time. 


When expanding in depth, a composite Full Flag must be created 
by OR-ing all the FF outputs together. Likewise, a composite 
Empty Flag is created by OR-ing all the EF outputs together. The 
Hailf-Full Flag and Retransmit functions are not available in Depth- 
Expansion Mode. 


Compound Expansion 


FIFOs of greater width and depth than the Am7202 can be created 
by using both Width-Expansion Mode and Depth-Expansion 
Mode simultaneously. (See Figure 13.) 


~<-tRTR 


Napa 


Note: EF, HF and FF may change state during Retransmit as a result of the 
offset of the read and write pointers, but the flags will be valid at t,,,. 


Figure 7. Retransmit Timing 
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Figure 8. Read Data Flow-Through Mode 
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Figure 9. Write Data Flow-Through Mode 
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DATA IN 


HALF-FULL FLAG 


WRITE 
WRITE READ READ 
DATA IN DATA OUT FULL FLAG EMPTY FLAG 
FULL FLAG EMPTY FLAG RESET 
RETRANSMIT 
RESET RETRANSMIT 


Figure 12. Depth-Expansion to Form a 1536x9 FIFO 


Qo -Qg Qo -Q17 Qo -Qn 
i ia Qg-Q47 
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Do -Dy eee 
DoDy Di3-DN Din-gyP N 
Figure 13. FIFO Array Using Both Width-Expansion and Figure 14. Bidirectional FIFO Mode 


Depth-Expansion Techniques 
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AC TEST CONDITIONS 


Input pulse levels GND to 3.0 V 
Input rise and fall times ae 6200 


TO OUTPUT 
PIN 


5V 


Output load See Figure 15 


* Includes jig and scope capacitances. 


Figure 15. A.C. Test Load 


CAPACITANCE (T, = + 25°C, f = 1.0 MHz) 


ramen | Wurov | § | oF 


Note: 1. For reference only. 
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Am7203-25/35/50/65/80 Advanced 
CMOS First-in First-out (FIFO) 2048x9-Bit Buffer Devices 


DISTINCTIVE CHARACTERISTICS 
RAM based FIFO 

2048x9 organization 

Cycle times of 35/45/65/80/100 nanoseconds 


Asynchronous and simultaneous writes and 
reads 


Low power consumption 
— 60 mA max, -35/50/65/80 
— 70 mA max, -25 


GENERAL DESCRIPTION 


The Am7203 is a RAM-based CMOS FIFO that is 2048 
words deep with 9-bit wide words. It is expandable to any 
width and/or depth to create much larger FIFOs. 


This FIFO can accept data and output data asynchro- 
nously and simultaneously at data rates from 0 to 28.5 
MHz. Status flags are provided to signify empty, full, and 
half-full conditions. The capability also exists to retrans- 
mit data from the FIFO. 


BLOCK DIAGRAM 


¢ Status flags — full, half-full, empty 
« Retransmit capability 
« Expandable in both width and depth 


¢ Increased noise immunity for XI - CMOS threshold 


¢ Functional and pin compatible with industry standard 


devices 


High-density FIFOs such as the Am7203 are useful in a 
wide range of applications. The ability to buffer large 
transfers of data and the rate adaption capabilities make 
the Am7203 useful in communication, image processing, 
mass storage, DSP, and printing systems. 
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Figure 1. 


icati Rev. Amendment 
10722 B /0 
Issue Date: February 1989 


CONNECTION DIAGRAMS 
DIP PLCC 


Am7203 
Am7203 


Note: Pin 1 is marked for orientation. 


RS = Reset 


Xl! = Expansion In 

XO/HF = Expansion Out/Half-Full Flag 
= Full Flag 

= Empty Flag 

¢ = Supply Voltage 

ND = Ground 

C = No Connect 


ORDERING INFORMATION 


Standard Products Am7203- 25 PC 


AMD standard products are available in several packages. The a. PART NUMBER Ce ee 


order number (Valid Combination) is formed by a combination of: 
a. Part Number 


b. Performance b. PERFORMANCE 


c. Package Type series 
d. Operating Conditions ae oe 
50 = 50 ns 
NOTE: AMD has changed the part numbers on the high-density 65 = 65ns 
FIFOs. The following part numbers are equivalent devices with 80 = 80ns 


the same DC and AC electrical characteristics. 
c. PACKAGE TYPE 
P = Plastic DIP (600 mil) - PD 028 


New P/N. Old P/N 
D = Ceramic DIP (600 mil)* - CD 028 


peilb Siete J = Plastic Leaded Chip Carrier* - PL 032 
m R = Plastic DIP (300 mil) - PD 3028 


Am7202 6704502 


Am7203 6704503 d. OPERATING CONDITIONS 
Am7204 = C = Commercial (0°C to 70°C) 


Note: * Consult factory. 
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ABSOLUTE MAXIMUM RATINGS 


UDP VONGUG, Vig tc -0.5 Vto+7.0V 
PIU VONAGE aecscciecrrsussrascsirticnessesvensseitsicars O.5VtoV..+0.5V 
Operating temperature ...........cecceccesecceeseeeeseeeereeres 0°C to + 70°C 
Storage temperature ............ccccccceeeseeceeeeseesseees -55°C to + 150°C 
POWGT CISSIDAUON 65a ances 1.0W 
DLS OUT CUITONE 2c <r hicincs 50 mA 


Stresses above those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maximum 
ratings for extended periods may affect device reliability. 


DC CHARACTERISTICS commercial: V,.. = 5 V + 10%, T, = 0°C to + 70°C 


Parameter 
Description 


a Output Leakage Current (data outputs) (Note 2) pee 


Input High Voltage (all inputs except Xl) (Note 3) 


Input Low Voltage (all inputs except X!) (Note 3) 
Input High Voltage, x (Note 3) 


Input Low Voltage, x! (Note 3) : ; 


—- Output Logic “O” voltage |,, = 8 mA 


Average Standby Current 
(R = W=RS =FL/AT = V,,) (Note 4) 


Power Down Current (all inputs = V,,. -0.2 V) mA 
(Note 4) 


Notes: 1. Measurements withGND<V,.<V,, 
2. R> Vi NU SV... SV... 
3. These are absolute voltage levels with respect to the ground pins on the device and include all overshoots due to system 
or tester noise. Do not attempt to test these values without suitable equipment. 


4. |,, measurements are made with outputs open. 
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AC CHARACTERISTICS v,,, = 5 V + 10%, T, = 0°C to + 70°C 


Parameter Parameter Am7203-25 | Am7203-35 | Am7203-50 | Am7203-65| Am7203-80 
Symbol Description Figures | Min. Max. | Min. Max. | Min. Max. | Min. Max.| Min. Max. 


Write and Flag Timing 


Write Cycle Time 
Write Pulse Width 
Write Recovery Time 
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Data Setup Time 

Data Hold Time 

Write LOW to Full Flag LOW 
Write LOW to Half-Full Flag LOW 
Write HIGH to Empty Flag HIGH 


Write pulse HIGH to data bus 
at LOW Z (Note 1) 


Read and Flag Timing 


30 


F 


w 
Oo 
b 
on 


ees 
ho Nh 
oO oO 
Ses Giape 
oO 
uo oO 
- 
on oO 
as 
nn 


HF 


» 
fo) 


4,8 


m 
aS 


F 


—_~ 
hk. 
—" 


—_ 
Oo 
oO 


Read Cycle Time 
Access Time 
Read Recovery Time 

Read Pulse Width 


Read pulse LOW to data bus 
LZ at LOW Z (Note 1) 


Data Valid from read pulse HIGH 


Read pulse HIGH to data bus 
| 69 
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HZ at HIGH Z (Note 1) 

Read HIGH to Full Flag HIGH 
Read HIGH to Half Full-Flag HIGH 
os Read LOW to Empty Flag LOW 

Reset Timing 
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Reset Cycle Time 
Reset Pulse Width 
Reset Setup Time 
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SS 
Reset Recovery Time 


Reset to Empty Flag LOW 
Reset to Half-Full Flag High 
“ Reset to Full Flag HIGH 

Retransmit Timing 


Retransmit Cycle Time 


Retransmit Pulse Width 


lin Retransmit Recovery Time 


Note: 1. Characterized parameters. 
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FUNCTIONAL DESCRIPTION 


The Am7203 CMOS FIFO is designed around a 2048x9 dual-port 
static RAM array. (See Figure 1.) RAM-based FIFOs store the 
data written into them in a sequential pattern. 


The dual-port RAM array has dedicated write and read address 
pointers. The flag logic prevents illogical writes and reads from oc- 
curring. The Empty Flag prevents reading while empty, which is 
a data underflow condition, while the Full Flag prevents writing 
while full, which is a data overflow condition. Once data that has 
been stored at a given address is read, it can be overwritten. 


Address pointers automatically overflow to address zero after 
reaching address 2047. Thus the flag status of the FIFO is a 
function of the difference between the pointers, not their absolute 
value. 


Resetting the FIFO simply initializes both address pointers to 
address zero. Pulsing Retransmit initializes the read address 
pointer to zero without affecting the write address pointer. 


Expansion Logic is used when implementing a FIFO of a depth 
greater than that of the Am7203. The write, read, data-in and data- 
out lines of the Am7203 are connected in parallel, and the 
Expansion-Out (XO) and the Expansion-in (XI) lines are daisy- 
chained together. The write and read control circuits of the individ- 
ual FIFOs are automatically enabled and disabled through the 
handshake between XO and XI. 


OPERATIONAL DESCRIPTION 
Resetting The FIFO 


Upon power up, the FIFO must be initialized with a Reset cycle. 
(See Figure 2.) The states of Xl and FL are used during the reset 
cycle to determine the FIFO’s mode of operation, as shown in 
Tables 1 and 2. For a valid reset cycle to occur, both the Read 
(R) and Write (W) signals must be HIGH t,,..., prior to andt,..., after 
the rising edge of Reset (RS). The reset cycle initializes the FIFO 
to an empty condition, signified by the Empty Flag (EF) being 
LOW, active, and both the Half-Full (HF) and Full Flag (FF) being 
HIGH, inactive. 


=f L/L fe r tass 
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ANN 
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Figure 2. Reset Timing 
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Writing Data To The FIFO 


The HIGH state of the Full Flag (FF) indicates that the FIFO is 
capable of accepting data. The falling edge of Write (W) initiates 
awrite cycle. (See Figure 3.) Data appearing at inputs DO-D8 t, . 
prior to and t.,,, after the rising edge of Wwill be stored sequentially 
in the FIFO. 


The LOW- to-HIGH transition of the Empty Flag (EF) occurs t,,-- 
after the rising edge of W during the first write cycle on an empty 
FIFO. (See Figure 4.) The Half-Full Flag /HF) will go LOW t,, after 
the falling edge of W during the write ite operation which creates the 
half-full condition. (See Figure 5.) HF will remain LOW, while the 
number of writes to the FIFO exceeds the number of reads by 
1024 or more. The Half-Full Flag is not available in Depth- 
Expansion Mode. The Full Flag (FF) goes LOW t,,,, after the 
falling edge of W during the write cycle which creates a full 
condition. (See Figure 6.) A full condition exists when there have 
been 2048 more write cycles than read cycles. The Full Flag being 
active prohibits any further write operations, thus preventing data 
overflow situations. 


Reading Data From The FIFO 


The HIGH state of the Empty Flag (EF) indicates that the FIFO is 
ready to output data. The falling edge of Read (R) initiates a read 
cycle. (See Figure 3.) Valid data appears on the outputs Q0-Q8 
t, after the falling edge of R, and remains until t,,, after the rising 
edge of R. Q0-Q8 return to a high-impedance state when a valid 
read is not in progress. 


The Full Flag (FF) will go HIGH t,,.. after the rising edge of Rduring 
the first read cycle following a full condition. (See Figure 6.) The 
Half-Full Flag (HF) will go HIGH t,,,, after the rising edge of R 
during the read operation, which eliminates the half-full condition. 
(See Figure 5). HF will remain HIGH, while the number of writes 
to the FIFO exceeds the number of reads by 1023 or less. The 
Haif-Full Flag is not available in Depth-Expansion Mode. The 
HIGH-to-LOW transition of EF occurs t,,, after the falling edge of 
R during the read cycle, which creates an empty condition. (See 
Figure 4.) An empty condition exists when there has been an 
equal number of write cycles and read cycles. The Empty Flag 
being active prohibits any further read operations, thus preventing 
a data underflow situation. 


Half-Full Flag 


The Half-Full (HF) Flag will be active LOW only when the net 
balance of the words written into the FIFO exceeds the number of 
words read out by 1024 or more. (See Figure 5.) 


Care should be exercised in using the Half-Full Flag, because it 
is capable of producing arbitrarily short pulses. For example, if the 
FIFO contains 1024 words, and Read and Write pulses are 
applied simultaneously, the HF flag may produce an arbitrarily 
short pulse, depending on the precise phase of Read and Write. 


HF will always settle to the correct state after the appropriate 
delay, t,,,,- OF t..,-- This property of the Half-Full Flag is clearly a 
function of the dynamic relation between W and R. Generally, the 
use of level-sensitive, rather than edge-sensitive, status detection 
circuits will alleviate this hazard. 
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RESET AND RETRANSMIT TRUTH TABLE Single-Device Configuration/Width-Expansion Mode 


ee Nepee internal Status kr 
Mode 
| RS | FLAT | FL/RT aie Read Pointer Write Pointer | | FR 


hth a Unchanged 
Read/Write et eg Increment (Note 2) increment (Note 2) 


Notes: 1. Flags will change to show correct state according to write pointer. 
2. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle. 


Table 1. 


RESET AND FIRST LOAD TRUTH TABLE Depth-Expansion/Compound-Expansion Mode 


Internal Status 


_ et ro eee 
ws’ __|as[rurt[ [feed poimer | wetepomer [EF [FF 


Reset all XO 


x0 
Read/Write area) (Note 1) Increment (Note 3) _ Increment (Note 3) Se 2. 


Notes: 1. XI is connected to XO of previous device. See Figure 12. 
2. Same as during Reset Cycle. 
3. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle. 


Table 2. 


Do-Dg DATA IN VALID 


DATA IN VALID 


<——— ty, —_—_> <—— tou ————_ 


Qy-Q DATA OUT VALID DATA OUT VALID 
os 


tR¢————_—__________—__> 


Figure 3. Asynchronous Write and Read Timing 
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Figure 4. Empty Flag Timing 
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(See Note) 


Note: Depending on the precise phase of Ww and R, the Half-Full Flag may appear as a pulse of arbitrarily short 
duration of either polarity when W and R are operating asynchronously near half full. 


Figure 5. Half-Full Flag Timing 
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Figure 6. Full Flag Timing 
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Retransmit 


The retransmit function resets the read address pointer allowing 
the data that was previously read to be read again. This capability 
is useful when the block of data being transferred through the 
FIFO doesn’t exceed the FIFO’s depth and is intended for use 
when there are 2048 or less writes between reset cycles. 


The FL/RT is used as the Retransmit (RT) input in Single-Device 
Mode. RT, an active LOW-going pulse of at least t,,, in duration, 
returns the internal read pointer to address zero and leaves the 
write pointer unaffected. W and R must both be HIGH during the 
retransmit cycle. The first write or read cycle should not start until 
tarp after the rising edge of RT. The flags may change state during 
this cycle, but they will accurately reflect the new state of the FIFO 
taro after the falling edge of RT. (See Figure 7 and Table 1). 


Single-Device/Width-Expansion Modes 
Single-Device and Width-Expansion Modes are configured by 


grounding the Expansion-in (XI) input. (See Figures 10 and 11, 
and Table 1.) During these modes of operation, the Half-Full Flag 
and Retransmit features are available. The Am7203 can be ex- 
panded in width to create FIFOs of word widths greater than nine 
bits. In Width-Expansion Mode all of the control line inputs are 
common to all devices. (See Figure 11.) Creating composite 
status flags can pose two hazards. 1.) OR-ing the flag outputs is 
fine for the HIGH-to-LOW transition, because the skew between 
devices is masked out. However, when the flags make a LOW- 
to-HIGH transition, a false composite flag is generated. 2.) The 
converse is true when the flags are AND-ed: the LOW-to-HIGH 
transition is fine, and the HIGH-to-LOW generates a false flag. 
These two hazards can be avoided if one device's flags are used 


trT 
FURT 


as the flags for the expanded FIFO, and the write control circuitry 
and read control circuitry is designed to hold off sampling the flags 
until the worst case settling time (ty... tyes twee traces tay, aNd t,--) 
for each flag has elapsed. 


Depth-Expansion Mode 


Depth-Expansion Mode is configured during the Reset cycle. 
(See Figure 12 and Table 2.) Expansion Out (XO) of one device 
must be connected to Expansion In (XI) of the next device, with 
XO of the last device being connected to XI of the first device. The 
device that is to receive data first has its First Load (FL) input tied 
LOW, while all other devices must have this input HIGH. Write and 
read control is passed between devices using XO and XI. ALOW- 
going pulse on XO occurs when the last physical location of an 
active device, address 2047, is written to, and another LOW-going 
pulse occurs when the last physical location of an active device is 
read. Only one device is enabled for writes, and only one device 
is enabled for reads at any given time. 

When expanding in depth, a composite Full Flag must be created 
by OR-ing all the FF outputs together. Likewise, a composite 
Empty Flag is created by OR-ing all the EF outputs together. The 
Half-Full Flag and Retransmit functions are not available in Depth- 
Expansion Mode. 


Compound Expansion 


FIFOs of greater width and depth than the Am7203 can be created 
by using both Width-Expansion Mode and Depth-Expansion 
Mode simultaneously. (See Figure 13.) 


~<-tRTR 


trTc ae 


Note: EF, HF and FF may change state during Retransmit as a result of the 
offset of the read and write pointers, but the flags will be valid at t,,.. 


Figure 7. Retransmit Timing 
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Note: (tree = teow tart = ther) 
Figure 8. Read Data Flow-Through Mode 
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Note: (toe = twew: bwer = twee) 
Figure 9. Write Data Flow-Through Mode 
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DATA IN 


HALF-FULL FLAG 
WRITE 
WRITE READ READ 

DATA IN DATA OUT FULL FLAG EMPTY FLAG 
FULL FLAG — EMPTY FLAG RESET 

reser —(S), RETRANSMIT RETRANSMIT 

DATA OUT 
Figure 10. Single FIFO Configuration Figure 11. Width-Expansion to Form a 512x18 FIFO 


Qo -Qg _ Q9 -Q17 Q0-Qn 
Qo -Qg Qg -Q47 Q(N-8)-QN 
DEPTH DEPTH DEPTH 
EXPANSION EXPANSION [- «+» {EXPANSION 
BLOCK BLOCK 


Figure 13. FIFO Array Using Both Width-Expansion and Figure 14. Bidirectional FIFO Mode 
Depth-Expansion Techniques 
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at 
Am7204-25/35/50/65/80 Advanced 


Micro 
CMOS First-in First-out (FIFO) 4096x9-Bit Buffer Devices 
DISTINCTIVE CHARACTERISTICS 7 
« RAM based FIFO * Status flags — full, half-full, empty 
¢ 4096x9 organization ¢ Retransmit capability 
* Cycle times of 35/45/65/80/100 nanoseconds « Expandable in both width and depth 
« Asynchronous and simultaneous writes and ¢ Increased noise immunity for XI - CMOS threshold 
reads - Functional and pin compatible with industry standard 
¢ Low power consumption devices 
— 60 mA max, -35/50/65/80 
— 70 mA max, -25 
GENERAL DESCRIPTION 
The Am7204 is a RAM-based CMOS FIFO that is 4096 High-density FIFOs such as the Am7204 are useful in a 
words deep with 9-bit wide words. It is expandable to any wide range of applications. The ability to buffer large 
width and/or depth to create much larger FIFOs. transfers of data and the rate adaption capabilities make 
the Am7204 useful in communication, image processing, 
This FIFO can accept data and output data asynchro- mass storage, DSP, and printing systems. 
nously and simultaneously at data rates from 0 to 28.5 
MHz. Status flags are provided to signify empty, full, and 
half-full conditions. The capability also exists to retrans- 
mit data from the FIFO. 
BLOCK DIAGRAM 
DO-D8 
DATA 
"| ears _ 
WRITE READ 
POINTER POINTER 
DATA 
Loureurs 
RS 
FL/RT 
Figure 1. 
Publication # Rev. Amendment 
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Issue Date: January 1989 


CONNECTION DIAGRAMS 


Am7204 


Note: Pin 1 is marked for orientation. 


cl 
Je 
D 


T = First Load/Retransmit 
= Data In 

= Data Out 

= Expansion In 


XO/HF = Expansion Out/Half-Full Flag 


X 


Voc = Supply Voltage 
GND = Ground 
NC = No Connect 


ORDERING INFORMATION 


Standard Products Am7204 - 25 PC 


AMD standard products are available in several packages. The a. PART NUMBER Pe 


order number (Valid Combination) is formed by a combination of: 
a. Part Number 


b. Performance b. PERFORMANCE 


c. Package Type oe 
d. Operating Conditions Sd res 
50 =50 ns 
NOTE: AMD has changed the part numbers on the high-density 65 =65ns 
FIFOs. The following part numbers are equivalent devices with 80 = 80ns 


the same DC and AC electrical characteristics. 
c. PACKAGE TYPE 


New P/N Old P/N P = Plastic DIP (600 mil) - PD 028 
D = Ceramic DIP (600 mil) - CD 028 
Am7200 6704500 
= - PL 032 
Am7201 6704501 J = Plastic Leaded Chip Carrier 


Am7202 6704502 d. OPERATING CONDITIONS 


Am7203 6704503 C = Commercial (0°C to 70°C) 
Am7204 —_ 
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ABSOLUTE MAXIMUM RATINGS 


SUPDIY VOUDOE, Vg ce -0.5Vto+7.0V 
NOU, VOURIIO oe se siinsiccsc see eevee ss -0.5VtoV,.+0.5V 
Operating temperature ............cccecceeeccsseceeseeeneeees 0°C to + 70°C 
Storage temperature ...............cceseececeecseessrseees -55°C to + 150°C 
POWIOE COSID ONY i soos sca eases etecccasaceees sh cansicesissacsansee’< 1.0 W 
OC Ouipur Giant. 50 mA 


Stresses above those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maximum 
ratings for extended periods may affect device reliability. 


DC CHARACTERISTICS Commercial: V,,. = 5 V + 10%, T, = 0°C to + 70°C 


Am7204-25 | Am7204-35 | Am7204-50 | Am7204-65 |Am7204-80 
Parameter t, = 25 ns | t, = 35 ns | t, = 50 ns | t, = 65ns | t, =80ns 


Description Min. Max. | Min. Max. | Min. Max. | Min. Max. | Min. Max. 


a ee) 
V., Input High Voltage (all inputs except XI) (Note 3) ets ee 


Output Logic “1” Voltage |,,,=-2 mA 
Output Logic “O” voltage |,, = 8 mA 


a Average V.,,. Power Supply Current (Note 4) 


Average Standby Current 
(R = W=RS =FLAT = V,,,) (Note 4) 


Power Down Current (all inputs = V_,, -0.2 V) 
(Note 4) 


Notes: 1. Measurements with GND<V,<V,. 
2. R= Via GND sV. = Ve. 
3. These are absolute voltage levels with respect to the ground pins on the device and include all overshoots due to system 
or tester noise. Do not attempt to test these values without suitable equipment. 


4. |,, measurements are made with outputs open. 
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AC CHARACTERISTICS v,,, = 5 V + 10%, T, = 0°C to + 70°C 


Parameter Parameter Am7204-25 | Am7204-35 | Am7204-50 | Am7204-65| Am7204-80 
Symbol Description Min. Max. | Min. Max. | Min. Max. | Min. Max.} Min. Max. 


Write and Flag Timing 


Write Cycle Time 100 
Write Pulse Width 


Write Recovery Time 
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Retransmit Cycle Time 100 
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Retransmit Pulse Width Pe ee ae S| 


ta Retransmit Recovery Time 
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FUNCTIONAL DESCRIPTION 


The Am7204 CMOS FIFO is designed around a 4096x9 dual-port 
static RAM array. (See Figure 1.) RAM-based FIFOs store the 
data written into them in a sequential pattern. 


The dual-port RAM array has dedicated write and read address 
pointers. The flag logic prevents illogical writes and reads from oc- 
curring. The Empty Flag prevents reading while empty, which is 
a data underflow condition, while the Full Flag prevents writing 
while full, which is a data overflow condition. Once data that has 
been stored at a given address is read, it can be overwritten. 


Address pointers automatically overflow to address zero after 
reaching address 4095. Thus the flag status of the FIFO is a 
function of the difference between the pointers, not their absolute 
value. 


Resetting the FIFO simply initializes both address pointers to 
address zero. Pulsing Retransmit initializes the read address 
pointer to zero without affecting the write address pointer. 


Expansion Logic is used when implementing a FIFO of a depth 
greater than that of the Am7204. The write, read, data-in and data- 
out lines of the Am7204 are connected in parallel, and the 
Expansion-Out (XO) and the Expansion-In (XI) lines are daisy- 
chained together. The write and read control circuits of the individ- 
ual FIFOs are automatically enabled and disabled through the 
handshake between XO and XI. 


OPERATIONAL DESCRIPTION 
Resetting The FIFO 


Upon power up, the FIFO must be initialized with a Reset cycle. 
(See Figure 2.) The states of XI and FL are used during the reset 
cycle to determine the FIFO’s mode of operation, as shown in 
Tables 1 and 2. For a valid reset cycle to occur, both the Read 
(R) and Write (W) signals must be HIGH t, ., prior to andt,,.., after 
the rising edge of Reset (RS). The reset cycle initializes the FIFO 
to an empty condition, signified by the Empty Flag (EF) being 
LOW, active, and both the Half-Full (HF) and Full Flag (FF) being 
HIGH, inactive. 
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Writing Data To The FIFO 


The HIGH state of the Full Flag (FF) indicates that the FIFO is 
capable of accepting data. The falling edge of Write (W) initiates 
awrite cycle. (See Figure 3.) Data appearing at inputs DO-D8t,. 
prior to and t,,,, after the rising edge of W will be stored sequentially 
in the FIFO. 


The LOW- to-HIGH transition of the Empty Flag (EF) occurs t,- 
after the rising edge of W during the first write cycle on an empty 
FIFO. (See Figure 4.) The Half-Full Flag /HF) will go LOW t,,,. after 
the falling edge of W during the write operation which creates the 
half-full condition. (See Figure 5.) HF will remain LOW, while the 
number of writes to the FIFO exceeds the number of reads by 
2048 or more. The Half-Full Flag is not available in Depth- 
Expansion Mode. The Full Flag (FF) goes LOW t,,, after the 
falling edge of W during the write cycle which creates a full 
condition. (See Figure 6.) A full condition exists when there have 
been 4096 more write cycles than read cycles. The Full Flag being 
active prohibits any further write operations, thus preventing data 
overflow situations. 


Reading Data From The FIFO 


The HIGH state of the Empty Flag (EF) indicates that the FIFO is 
ready to output data. The falling edge of Read (R) initiates a read 
cycle. (See Figure 3.) Valid data appears on the outputs Q0-Q8 
t, after the falling edge of R, and remains until t,,, after the rising 
edge of R. Q0-Q8 return to a high-impedance state when a valid 
read is not in progress. 


The Full Flag (FF) will go HIGH t,, after the rising edge of R during 
the first read cycle following a full condition. (See Figure 6.) The 
Half-Full Flag (HF) will go HIGH t,,,, after the rising edge of R 
during the read operation, which eliminates the half-full condition. 
(See Figure 5). HF will remain HIGH, while the number of writes 
to the FIFO exceeds the number of reads by 2047 or less. The 
Half-Full Flag is not available in Depth-Expansion Mode. The 
HIGH-to-LOW transition of EF occurs t,,., after the falling edge of 
R during the read cycle, which creates an empty condition. (See 
Figure 4.) An empty condition exists when there has been an 
equal number of write cycles and read cycles. The Empty Flag 
being active prohibits any further read operations, thus preventing 
a data underflow situation. 


Half-Full Flag 


The Half-Full (HF) Flag will be active LOW only when the net . 
balance of the words written into the FIFO exceeds the number of 
words read out by 2048 or more. (See Figure 5.) 


Care should be exercised in using the Half-Full Flag, because it 
is capable of producing arbitrarily short pulses. For example, if the 
FIFO contains 2048 words, and Read and Write pulses are 
applied simultaneously, the HF flag may produce an arbitrarily 
short pulse, depending on the precise phase of Read and Write. 


HF will always settle to the correct state after the appropriate 
delay, t,,,,, Or t.,,-- This property of the Half-Full Flag is clearly a 
function of the dynamic relation between W and R. Generally, the 
use of level-sensitive, rather than edge-sensitive, status detection 
circuits will alleviate this hazard. 
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RESET AND RETRANSMIT TRUTH TABLE Single-Device Configuration/Width-Expansion Mode 


Internal Status 


| RS | FURT FL/RT Le Read Pointer Write Pointer | EF | FF | 
a 
ee 
Read/Write 2 Increment (Note 2) Increment (Note 2) 


Notes: 1. Flags will change to show correct state according to write pointer. 
2. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle. 


Table 1. 


RESET AND FIRST LOAD TRUTH TABLE Depth-Expansion/Compound-Expansion Mode 


a Status 


AUaT |. Mi | Read Pointer Pointer Write Pointer Ee 


XO 
Reset all” x0 


Read/Write Teil Increment (Note 3) Increment (Note 3) PSE Ae 


Notes: 1. XI is connected to XO of previous device. See Figure 12. 
2. Same as during Reset Cycle. 
3. Pointers will increment only if corresponding flag is HIGH at the beginning of the cycle. 


Table 2. 


tps ——>- |< 'DH > 


Do-Dg DATA IN VALID 


DATA IN VALID 


Qo -Qg e DATA OUT VALID ay 2 DATA OUT VALID C5 


ee re 


Figure 3. Asynchronous Write and Read Timing 
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LAST READ NEXT WRITE gpg NEXT READ 


ea ee 


eH 
ee 


=| 


Figure 4. Empty Flag Timing 


HF (See Note) 


Note: Depending on the precise phase of Ww and R, the Half-Full Flag may appear as a pulse of arbitrarily short 
duration of either polarity when W and R are operating asynchronously near half full. 


Figure 5. Half-Full Flag Timing 


ADDITIONAL 


LAST WRITE NEXT READ 


NEXT WRITE 


Figure 6. Full Flag Timing 
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Retransmit 


The retransmit function resets the read address pointer allowing 
the data that was previously read to be read again. This capability 
is useful when the block of data being transferred through the 
FIFO doesn’t exceed the FIFO’s depth and is intended for use 
when there are 4096 or less writes between reset cycles. 


The FL/RT is used as the Retransmit (RT) input in Single-Device 
Mode. RT, an active LOW-going pulse of at least t, in duration, 
returns the internal read pointer to address zero and leaves the 
write pointer unaffected. W and R must both be HIGH during the 
retransmit cycle. The first write or read cycle should not start until 
tarp after the rising edge of RT. The flags may change state during 
this cycle, but they will accurately reflect the new state of the FIFO 
tarc after the falling edge of RT. (See Figure 7 and Table 1). 


Single-Device/Width-Expansion Modes 


Single-Device and Width-Expansion Modes are configured by 
grounding the Expansion-In (XI) input. (See Figures 10 and 11, 
and Table 1.) During these modes of operation, the Half-Full Flag 
and Retransmit features are available. The Am7204 can be ex- 
panded in width to create FIFOs of word widths greater than nine 
bits. In Width-Expansion Mode all of the control line inputs are 
common to all devices. (See Figure 11.) Creating composite 
status flags can pose two hazards. 1.) OR-ing the flag outputs is 
fine for the HIGH-to-LOW transition, because the skew between 
devices is masked out. However, when the flags make a LOW- 
to-HIGH transition, a false composite flag is generated. 2.) The 
converse is true when the flags are AND-ed: the LOW-to-HIGH 
transition is fine, and the HIGH-to-LOW generates a false flag. 
These two hazards can be avoided if one device's flags are used 


tRT 


as the flags for the expanded FIFO, and the write control circuitry 
and read control circuitry is designed to hold off sampling the flags 
until the worst case settling time (ty ec, twiuyes twee trees tay ANd tye) 
for each flag has elapsed. 


Depth-Expansion Mode 


Depth-Expansion Mode is configured during the Reset cycle. 
(See Figure 12 and Table 2.) Expansion Out (XO) of one device 
must be connected to Expansion In (XI) of the next device, with 
XO of the last device being connected to XI of the first device. The 
device that is to receive data first has its First Load (FL) input tied 
LOW, while all other devices must have this input HIGH. Write and 
read control is passed between devices using XO and XI. ALOW- 
going pulse on XO occurs when the last physical location of an 
active device, address 4095, is written to, and another LOW-going 
pulse occurs when the last physical location of an active device is 
read. Only one device is enabled for writes, and only one device 
is enabled for reads at any given time. 

When expanding in depth, a composite Full Flag must be created 
by OR-ing all the FF outputs together. Likewise, a composite 
Empty Flag is created by OR-ing all the EF outputs together. The 
Half-Full Flag and Retransmit functions are not available in Depth- 
Expansion Mode. 


Compound Expansion 


FIFOs of greater width and depth than the Am7204 can be created 
by using both Width-Expansion Mode and Depth-Expansion 
Mode simultaneously. (See Figure 13.) 


~t-tRTR 


Note: EF, HF and FF may change state during Retransmit as a result of the 
offset of the read and write pointers, but the flags will be valid at t,,.. 


Figure 7. Retransmit Timing 
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DATA IN ¥ 


Ww 
<——tppe 
R 
<—'RrT 
EF 
az = onl 
ne X=) 


Note: Qt tet.) 


Figure 8. Read Data Flow-Through Mode 


r 
Ww 
FF 
a ‘DH 
DATA IN 
DATA IN VALID 
DATA OUT 


Note: (twee = twews twer = twee) 
Figure 9. Write Data Flow-Through Mode 
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DATA IN 


HALF-FULL FLAG 


WRITE READ 
DATA IN DATA OUT FULL FLAG 
FULL FLAG EMPTY FLAG RESET 


reser —(85), 


RETRANSMIT 


WRITE 


READ 
EMPTY FLAG 


RETRANSMIT 


Q(N-8)-QNn 


DEPTH 
EXPANSION 
BLOCK 


Dy-Dy D, 3°ON Din-sy? N 


Figure 13. FIFO Array Using Both Width-Expansion and 
Depth-Expansion Techniques 
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Am7204 


Am7204 


Figure 14. Bidirectional FIFO Mode 
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AC TEST CONDITIONS 


5V 
Input pulse levels GND to 3.0 V 
6200 
TO OUTPUT 
PIN 
1.5V 200.0 wie 


Output load See Figure 15 


* Includes jig and scope capacitances. 


Figure 15. A.C. Test Load 


CAPACITANCE (T, = + 25°C, f = 1.0 MHz) 


Symbol | Parameter (Note 1) | Conditions | Typ.| Unit | 
e[iteaactnce [vino [8 | oF 


Note: 1. For reference only. 
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67C401/13 67C402/23 a 


| Advanced 
First-In First-Out (FIFO) Micro 
64x4, 64x5 CMOS MEMORY 25/35 MHZ (Cascadable) Devices 


FEATURES ORDERING INFORMATION 
e Zero standby power 67 C 401-35N 
¢ High-speed 35-MHz shift-in/shift-out rates OPERATING = PACKAGE TYPE 
CONDITIONS N = Plastic DIP - PD 020 
e Very low active power consumption 67 = Commercial i. or Bie eran 
e TTL-compatible inputs and outputs (0°C to 70°C) NL = Plastic Leaded 
e Readily expandable in word width and depth CMOS TECHNOLOGY Chip Carrier - PL 020 
pany NUMBER PERFORMANCE 
e RAM-based architecture for short fall-through delay AOt Gack 35 = 35 MHz Shift Rate 
— 25 = 25 MHz Shift Rate 
e Full CMOS cell for maximum noise immunity ee: ire Pole Output 
e Asynchronous operation ore — Output 
¢ Output Enable feature (67C4013/23) Totem Pole Output 
4023 = 64x5, 


Three-State Output 


GENERAL DESCRIPTION 

The 67C40X/XX series devices are high-performance CMOS location, the data can propagate to the outputs in much less time 
RAM-based First-in First-Out (FIFO) buffer memory products than in traditional register-based FIFOs. These FIFOs are easily 
organized as 64 words by 4 or by 5 bits wide. These devices use integrated into many applications and perform particularly well 
Advanced Micro Devices latest CMOS process technology and for high-speed disc controllers, graphics, and communication 
meet the demands for high-speed, low-power operation. By network systems. The 550-y.watt standby power specification 
utilizing an on-chip, dual-port RAM, a very short fall-through makes these devices ideal for ultra-low-power and battery- 
time is realized, thus improving overall system performance. By powered systems. 


using both Read and Write pointers for addressing each memory 


BLOCK DIAGRAM 


INPUT SHIFT DATA IN 
READY IN 


INPUT 
REGISTER 


MASTER 
RESET 


READ 
POINTER 
COUNTER 


64x4/5 
DUAL PORT 
RAM 


OUTPUT 
REGISTER 


DATA OUT SHIFT OUTPUT 
OUT READY 


WRITE 
POINTER 
COUNTER 


OUTPUT 
CONTROL 
LOGIC 


OUTPUT 
ENABLE 


(67C4013/23 only) 


icati Rev. Amendment 
10998 B /0 
Issue Date: January 1989 
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CONNECTION DIAGRAMS 


67C401/13 
NC/OE vcc 
INPUT READY SHIFT OUT 
SHIFT IN OUTPUT READY 
DO 00 
D1 01 
DATA IN OUTPUTS 
D2 02 
D3 03 
GND MASTER RESET 


DIP 


INP NC SFT 
NC RDY OE YocouT 


67C401/13 
64x4 


Plastic Leaded Chip Carrier 


67C402/23 


NC/OE [1] 118} VCC 
INPUT READY J 2 | 17) SHIFT OUT 
SHIFT IN | 3. 16] OUTPUT READY 
po} 4 15} 00 
D145] 14] 01 
DATA IN D246 | 13 02 OUTPUTS 
D3 | 7| 12 03 
D4} 8 if 04 


GND | 9 | 110] MASTER RESET 


DIP 


INP NC SFT 
NC RDY OE YCC OUT 


67C402/23 


64x5 


D4 GND MR O04 NC 


Plastic Leaded Chip Carrier 
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ABSOLUTE MAXIMUM RATINGS 


cs Be Cee ee ee -O5Vto7V 
PE OI as i es oh a re a a -15Vto7V 
OE CUN VONO a ei os 08 oo se SEN ume a et ne a ee -0.5 V to Voc +0.5 V 
Routt TOITIOOTATUIS es ee a a a -65°C to +150°C 
Pe ID i a a Le. 1.0W 
Note: 


Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods of time may affect reliability. 


OPERATING CONDITIONS commercial: V,,. = 5 V +10%, T, = 0°C to +70°C 


67C40X/XX-25 67C40X/XX-35 
SYMBOL PARAMETER | FIGURE MIN MAX | MIN MAX UNIT 


aa a 
a a 
[9k eee ore 
[aa eS Ge eae 
(7 oe eee RTO Fe a 
[ios | mputestascup wSienitiny ———SsdY fi 
‘iow | noutestanoistineirom sisi) «| tifa «d Si 
ios | nit asta soup oR nputReacy) ‘| a [s—*‘(a Sie 
rior | put cstahod tine trom R(routeasy) | af «tS id 
(a a eee Sia tener Taser 
i a es oe 
(‘ae Soke a a 
"i es eee ee 
ester Reset 0 Care Fee ee 


* See AC test and high-speed application note. 


DC CHARACTERISTICS v.,,, = 5 V +10%, T, = 0°C to +70°C 


67C40X/XX-25 67C40X/XX-35 
SYMBOL PARAMETER TEST CONDITION MIN MAX | MIN MAX UNIT 


‘ie lewis | | et ee 
Si i) es eee ee 
Fim —[reteonet [Wop anoarstog [tT [ar Pk 
oz [otameossrsinen | vooswar onooursvce [$s [ss 


VOL Low-level output voltage Voc = MIN 
lol = 8A eee ae 
IOH = -20 vA Voc -0.1 Voc -0.1 
Voc = MIN 
aoe Output short-circuit current | Voc = MAX Ng =0y = =0OV 


Vin = Voc 
Standby supply current Vi__ = GND 100 
ViH_ = MIN, Vip = MAX 
Operating supply current 
pe g supply fin = fouT = MAX 


* These are absolute voltages with respect to GND and include all overshoots due to system and/or tester noise. 
** Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 


_ 


4 


— 


ok 


— 


i.e) 


wo 


a 


VOH High-level output voltage 


Voc = MAX 
lout = 9 
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SWITCHING CHARACTERISTICS over Operating Conditions 


ote 67C40X/XX-35 UNIT 
SYMBOL PARAMETER MAX | MIN MAX 


tie” Shift In t to Input Ready LOW ee 
UR” Shift In | to Input Ready HIGH te ee 
es See 
toRH Shift Out | to Output Ready HIGH 

MS ES 
ee el 
amen US |e | eee 


Master Reset | to Input Ready HIGH ee 
Master Reset | to Outputs LOW oo ee he 
i eee 
_ Cee 

oe Ue | 


: 
Output Disable Delay po ae 
a eee 


> 
it 


ea 
tMRIRH 


tr 


tpz,** oo et 
Pa. oo Se 


* See AC test and high-speed application note. 
** Enable/Disable delays refer to 67C4013/23 only. 


Output Enable Delay 


CAPACITANCES* 


67C40X/XX-25 67C40X/XX-35 
SYMBOL PARAMETER TEST CONDITION MIN MAX | MIN MAX UNIT 


Input a Ta = a Or 1 MHz 


* Not tested in production. 


3V 
OUTPUT ENABLE 
OV 
$1 AND 
$2 CLOSED 
WAVEFORM 1 $1 CLOSED 5V 
$2 OPEN VoL +05 V 
Vou 
'PZH 
Vou 
WAVEFORM 2 ‘$1 OPEN Vou -0.5V 


$2 CLOSED 


$1 AND 
Vr=15 $2 CLOSED 


Figure A. Enable and Disable 


Waveform 1 is for a data output with internal conditions such that the output is 
low except when disabled by the output control. 

Waveform 2 is for a data output with internal conditions such that the output is 
high except when disabled by the output control. 
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STANDARD AC TEST LOAD 


5V 


R1 


OUTPUT TEST POINT 


R2 30 pF 


Input Pulse Amplitude = 3 V 

Input Rise and Fall Time (10%-90%) = 2.5 ns 
Measurements made at 1.5 V 

All Diodes are 1N916 or 1N3064 


THREE-STATE TEST LOAD 


TEST POINT 


CL 
5 pF 


FUNCTIONAL DESCRIPTION 
Data Input 


The FIFO consists of a dual-port RAM and two ring counters for 
read and write. After power-up, the Master Reset should be 
pulsed LOW, which internally resets both the read and write 
counters. When the Input Ready (IR) is HIGH, the FIFO is ready 
to accept DATA from the Dy inputs. Data then present at the 
inputs is written into the first location of the RAM when Shift-in 
(SI) is brought HIGH. A SI HIGH signal causes the IR to go LOW. 
When the SI is brought LOW and the FIFO is not full, IR will go 
HIGH, indicating that more room is available. The write pointer 
now points to the next location in the RAM. If the memory is full, 
then the IR will remain LOW. 


AC TEST AND HIGH-SPEED APP. NOTES 


Since the FIFO is a very-high-speed device, care must be exer- 
cised in the design of the hardware and the timing utilized within 
the design. Device grounding and decoupling is crucial to cor- 
rect operation as the FIFO will respond to very small glitches due 
to long reflective lines, high capacitances and/or poor supply 
decoupling and grounding. Advanced Micro Devices recom- 
mends a monolithic ceramic capacitor of 0.1 uF directly between 
Voc and GND with very short lead length. In addition, care must 
be exercised in how the timing is set up and how the parameters 
are measured. For example, since an AND gate function is 
associated with both the Shift-in-Input Ready combination, as 
well as the Shift-Out-Output Ready combination, timing meas- 
urements may be misleading; i.e., a rising edge of the Shift-in 
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R2 


RESISTOR VALUES 


Data Output 


Data is read from the O, outputs. Just after the first shift-in, the 
first data word is available at the outputs, which is indicated by 
the Output Ready (OR) going HIGH. When the OR is HIGH, data 
may be shifted out by bringing the Shift-Out (SO) HIGH. A HIGH 
signal at SO causes the read pointer to point to the next location 
in the RAM, and also the OR to go LOW. Valid data is maintained 
while the SO is HIGH. When the SO is brought LOW, the OR 
goes HIGH, indicating the presence of new valid data. If the 
FIFO is emptied, OR stays LOW, and O, remains as before, (i.e., 
data does not change if the FIFO is empty). A dual-port RAM 
inside the chip provides the capability of simultaneous and 
asynchronous writes (Shift-ins) and reads (Shift-Outs). 


pulse is not recognized until Input Ready is HIGH. If Input Ready 
is not HIGH due to (a) too high a frequency, or (b) FIFO being 
full or affected by Master Reset, the Shift-in activity will be 
ignored. This will affect the device from a functional standpoint, 
and will also cause the “effective” timing of Input Data Hold time 
(tiDH) and the next activity of Input Ready (t)pR,_) to be extended 
relative to Shift-In going HIGH. This same type of problem also 
relates to tiRH, toRL, and toRH. For high-speed applications, 
proper grounding technique is essential. In order to diminish 
timing ambiguities between the Shift-in-input-Ready or Shift- 
Out-Output-Ready pairs when operating at high frequencies, it 
is recommended that the tsjH and tsQH pulse widths be as 
short as possible within the specified limits. 
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SHIFT IN tt ——-— 1) Y] — 1 CY | 


INPUT READY 


wnaroara Xo —> OOOO REED 


tips 


tiRH— > 


Figure 1. Input Timing 


SHIFT IN 
INPUT READY 


noosa SIV — won OOD 


Figure 2. The Mechanism of Shifting Data into the FIFO 


@ Input Ready HIGH indicates space is available and a Shift-In pulse may be applied. 
@ Input Data is loaded into the first available memory location. 
@ Input Ready goes LOW indicating this memory location is full. 


@ Shift-in going LOW allows Input Ready to sense the status of the next memory location. The next memory location is empty as indicated by Input Ready HIGH. 
© If the FIFO is already full then the Input Ready remains LOW. 
Note: Shift-in pulses applied while Input Ready is LOW will be ignored. 


SHIFT OUT 
SHIFT IN 
C) 
INPUT READY tpr 


‘PH 


trips tRIDH 


mur oar OOOO OOOO OOOO OOOO OOOOSUEROOXD CONN 


Figure 3. Data is Shifted in Whenever Shift In and Input Ready are Both HIGH 
@ FIFO is initially full. 
@ Shift In is held HIGH. 
@ Shift Out pulse is applied. An empty location is detected by the internal pointers on the falling edge of SO. 
@) As soon as Input Ready becomes HIGH the Input Data is loaded into this location. 
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SHIFT OUT (2) 
+——ts9q ——> <«—_—#\ torn 

ode 

EADY o 

torD toRL 

OUTPUT \AAAAA/ (AAAAAA 

= om | OOD 1) 

topH 


Figure 4. Output Timing 


@ The diagram assumes that the FIFO contains at least three words: A-Data (first input word), B-Data (second input word), and C-Data (third input word). 
@ Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e., OR and SO are both high together. 


(2) 
— 
3) (4) 
en 
OUTPUT READY o eee. ee ee 
5) 
TAKAAAAAY 

OUTPUT DATA A-DATA AAA B-DATA 


AORB 


Figure 5. The Mechanism of Shifting Data Out of the FIFO 


@ Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 


@ Shift-Out goes HIGH causing B-Data (second input word) to advance to the output register. 
Output data remains as valid A-Data while Shift-Out is HIGH. 


@ Output Ready goes LOW. 
© Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 
©® If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data remains the same (A-Data). 


SHIFT IN 


tpt 
OUTPUT READY 


topH —— 


Figure 6. tpt and topwH Specification 
@ FIFO initially empty. 
@ Shift-Out held HIGH. 


@® Shift-in pulse applied. A full location is detected by the internal pointers on the falling edge of Shift-in. 
@ As soon as Output Ready becomes HIGH, the word is shifted out. 
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Pee SSC CCC ST Se INNER 35S cO SS TS TEES ie DR SEGA 2252S SST SG a 


SHIFT OUT 2 


® Oo 2. 2s 


P ax a See 
VIISIISI ISI ISSTS TS. 
oe LYSSSSSSSSSSSSLSS. 


One2) 


Figure 7. Data is Shifted Out Whenever Shift Out and Output Ready are Both HIGH 


@ The internal logic does not detect the presence of any words in the FIFO. 
@ New data (A) arrives at the outputs. 

@ Output Ready goes HIGH indicating arrival of the new data. 

@® Since Shift Out is held HIGH, Output Ready goes immediately LOW. 


@® Assoon as Shift Out goes LOW the Output Data is subject to change. Output Ready will go HIGH or remain LOW depending on whether there are any additional 
words in the FIFO. 


MASTER RESET 
tMuRW——> 
INPUT READY 
(urine -——— 


OUTPUT READY 


tMRORL—> {MRS —--—___--—-___-_——> 


SHIFT IN 


DATA OUTPUTS 


MRo—| 


@ FIFO is initially full. Figure 8. Master Reset Timing 


NORMALIZED |. vs FREQUENCY 


Ta=0 C, Voc=5.5 V, fin= fouT 


0.8V<V,/<2.0V 


NORMALIZED Icc (%) 


0 10 20 30 
fin = foyt (MHz) 
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67C401/13 67C402/23 


First-In First-Out (FIFO) 64x4, 64x5 Memory 


10/15 MHz (Cascadable) CMOS 


ct 


Advanced 
Micro 
Devices 


Features 


e Zero standby power 

e High-speed 15-MHz shift-in/shift-out rates 

¢ Very low active power consumption 

¢ TTL-compatible inputs and outputs 

e Readily expandable in word width and depth 


RAM-based architecture for short fall-through delay 


Full CMOS 8-transistor cell for maximum noise immunity 
¢ Asynchronous operation 
¢ Output Enable feature (67C4013/23) 


General Description 


The 67C40X/XX series devices are high-performance CMOS 
RAM-based First-in First-Out (FIFO) buffer memory products 
organized as 64 words by 4 or by 5 bits wide. These devices use 
Monolithic Memories’ latest CMOS process technology and 
meet the demands for high-speed, low-power operation. By 
utilizing an on-chip, dual-port RAM, a very short fall-through 
time is realized, thus improving overall system performance. By 
using both Read and Write pointers for addressing each memory 
location, the data can propagate to the outputs in much less time 
than in traditional register-based FIFOs. These FIFOs are easily 
integrated into many applications and perform particularly well 
for high-speed disc controllers, graphics, and communication 
network systems. The 550-uwatt standby power specification 
makes these devices ideal for ultra-low-power and battery- 
powered systems. 


Block Diagram 


INPUT SHIFT 
READY IN 


DATA IN 


INPUT 
CONTROL 
LOGIC 


INPUT 
REGISTER 


MASTER 
RESET 


READ 
POINTER 
COUNTER 


WRITE 
POINTER 
COUNTER 


64x4/5 
DUAL PORT 
RAM 


OUTPUT 
CONTROL 
LOGIC 


OUTPUT 
ENABLE 


OUTPUT 
REGISTER 


DATA OUT SHIFT OUTPUT 


OUT READY 


Ordering Information 


_nimber_|Pacige|Temp_ouput_|_Deserton| 


Pin Configurations 


67C401/13 
NC/OE vcc 
INPUT READY SHIFT OUT 
SHIFT IN OUTPUT READY 
Do 00 
D1 01 
DATA IN OUTPUTS 
D2 02 
D3 03 
GND MASTER RESET 
67C402/23 
NC/OE 18) VCC 
INPUT READY SHIFT OUT 
SHIFT IN | 3 | 116] OUTPUT READY 
D0 | 4) 115] 00 
D145] 147 01 
DATA IN D2] 6| 13% 02 OUTPUTS 
D3 4 7| 12 03 
D4} 8 | 11} 04 
GND | 3. 110) MASTER RESET 


Publication # Rev. Amendment 
10683 A /0 
Issue Date: May 1988 
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Absolute Maximum Ratings 


SORES VOTO VS i i a sn i ee -05Vto7V 
HADUL VOUROO ee ri a ae ee ee -15Vto7V 
Cjiesinte OLNDUT VONAGe 6. i a a a -0.5 V to Voc +0.5 V 
SIOFEOS THITIDOFAUUIO © so a -65°C to +150°C 
POWGr CISSIDATION 5 a si a a ae 1.0 W 
Latch-up trigger current (all outputs) ..... Sr cre re RE eT ree Cran ES Se ea Re ne 140 mA 


Operating Conditions over Temperature Range 


67C40X/XX-10 67C40X/XX-15 | 
SYMBOL PARAMETER FIGURE MIN MAX | MIN MAX UNIT 
1 


Ea Shift in rate 
tips Input data setup to SI (Shift In) Ro Gs a 
Ftmios | Input datasetuptoim inputReay) S| fOSS*~C~OSSC*~*‘dt 
fe ) 
aS 


oS 


* 


See AC test and high-speed application note 


Electrical Characteristics Over Operating Conditions 


67C40X/XX-10 67C40X/XX-15 |... 
SYMBOL PARAMETER TEST CONDITION sini as hen nea UNIT 


oz __| Off-state output current | Voc =MAX GND<VouT <Voc uA | 
VOL Low-level output voltage Voc = MIN v 
IOH = -20 vA Vcc -0.1 Voc -0) 
VOH High-level output voltage Voc = MIN V 


ViH=Voc : 
100 | 100 | 

Voc = MAX} Vit = GND , 
45 


i uA 
Vip = MIN, Vip. = MAX | 
fiN > fouT = MAX = ee 


Standby supply current 


ICC 
Operating supply current 


* These are absolute voltages with respect to GND (Pin 9) and include all overshoots due to system andor tester noise. 


** Not more than one output should be shorted at a time. and duration of the short circuit should not exceed one second 
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Switching Characteristics over Operating Conditions 


Cs 
Shift In 1 to Input Ready LOW ee 
Shift Out | to Output Ready LOW 


67C40X/XX-15 
MIN max [UNIT 


oO 
oO 
nn 


nn 
ao;on 
oO;}n 
| 
—~ 1 On 


topH Output Data Hold (previous word) 


Output Data Shift (next word) 
Data throughput 3,6 


Master Reset | to Output Ready LOW 
Master Reset ! to Input Ready HIGH 
Master Reset | to Outputs LOW 


S\& 
I 
Oo 


i) 
w 


input ready pulse HIGH 
Output ready pulse HIGH 


ak Pk 
ea, See 
21818 
pa | 
on 


Sah 1 ced 
& | Oo 
Wi W@W! Ni] NM Go ra 
—" 
Be 


Output ready | to Data Valid 


t 
Output Disable Delay 
PLZ ‘ 
Output Enable Delay 


* See AC test and high-speed application note. 


Wi Winymi; Ni ! 
oO;}0O;n}]; oO] & 


Capacitances* 


SYMBOL PARAMETER TEST CONDITION 


Input capacitance Ta = 25°C, f= 1 MHz 


* Not tested in production. 


67C40X/XX-10 67C40X/XX-15 UNIT 
MIN MAX | MIN MAX 


10 pF 


3V 
OUTPUT ENABLE 
OV 
$1 AND 
$2 CLOSED 
WAVEFORM 1 $1 CLOSED 1.5V 
$2 OPEN VoL +0.5V 
Vo. 


'PzH 


WAVEFORM 2 S1 OPEN 
$2 CLOSED 


$1 AND 
Vy = 15 $2 CLOSED 


Figure A. Enable and Disable 


Waveform 1 is for a data output with internal conditions such that the output is 
low except when disabled by the output control. 

Waveform 2 is for a data output with internal conditions such that the output is 
high except when disabied by the output control. 
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Standard AC Test Load 
5V 
R1 
OUTPUT TEST POINT 
R2 30 pF 


lf 


Input Pulse Amplitude = 3 V 

Input Rise and Fall Time (10%-90%) = 2.5 ns 
Measurements made at 1.5 V 

All Diodes are 1N916 or 1N3064 


Functional Description 
Data Input 


The FIFO consists of a dual-port RAM and two ring counters for 
read and write. After power-up, the Master Reset should be 
pulsed LOW, which internally resets both the read and write 
counters. When the Input Ready (IR) is HIGH, the FIFO is ready 
to accept DATA from the Dy, inputs. Data then present at the 
inputs is written into the first location of the RAM when Shift-In 
(SI) is brought HIGH. ASI HIGH signal causes the IR to go LOW. 
When the SI is brought LOW and the FIFO is not full, IR will go 
HIGH, indicating that more room is available. The write pointer 
now points to the next location in the RAM. If the memory is full, 
then the IR will remain LOW. 


Data Output 


Data is read from the O, outputs. Just after the first shift-in, the 
first data word is available at the outputs, which is indicated by 
the Output Ready (OR) going HIGH. When the OR is HIGH, data 
may be shifted out by bringing the Shift-Out (SO) HIGH. A HIGH 
signal at SO causes the read pointer to point to the next location 
in the RAM, and also the OR to go LOW. Valid data is maintained 
while the SO is HIGH. When the SO is brought LOW, the OR 
goes HIGH, indicating the presence of new valid data. If the 
FIFO is emptied, OR stays LOW, and Oy remains as before, (i.e., 
data does not change if the FIFO is empty). A dual-port RAM 
inside the chip provides the capability of simultaneous and 
asynchronous writes (Shift-Ins) and reads (Shift-Outs). 


Resistor Values 


Three-State Test Load 


TEST POINT" vec 


R1 
$1 
CL R 
5 pF 


2 
s 


AC Test and High-Speed App. Notes 


Since the FIFO is a very-high-speed device, care must be exer- 
cised in the design of the hardware and the timing utilized within 
the design. Device grounding and decoupling is crucial to 
correct operation as the FIFO will respond to very small glitches 
due to long reflective lines, high capacitances and/or poor 
supply decoupling and grounding. Monolithic Memories recom- 
mends a monolithic ceramic capacitor of 0.1 uF directly between 


- Voc and GND with very short lead length. In addition, care must 


be exercised in how the timing is set up and how the parameters 
are measured. For example, since an AND gate function is 
associated with both the Shift-in-Input Ready combination, as 
well as the Shift-Out-Output Ready combination, timing meas- 
urements may be misleading; i.e., rising edge of the Shift-in 
pulse is not recognized until Input ready is HIGH. If Input Ready 
is not high due to (a) too high a frequency, or (b) FIFO being full 
or effected by Master Reset, the Shift-In activity will be ignored. 
This will affect the device from a functional standpoint, and will 
also cause the “effective” timing of Input Data Hold time (T|pH) 
and the next activity of Input Ready (Tjp,) to be extended 
relative to Shift-In going HIGH. This same type of problem is 
also related to Tj|RH, TORL, and TORH as related to Shift-In and 
Shift-Out. For high-speed applications, proper grounding tech- 
nique is essential. 
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Ain <I ——$—_______» 


SHIFT IN t——— 1S] 1. > 


INPUT READY Saye 


INPUTDATA _X[e—Wwor "XIAN 


tiRH 


Figure 1. Input Timing 


SHIFT IN 


INPUT READY 


imput para YMA) ACCENT 


Figure 2. The Mechanism of Shifting Data into the FIFO 


@® Input Ready HIGH indicates space is available and a Shift-in pulse may be applied. 
@ Input Data is loaded into the first available memory location. 
@ Input Ready goes LOW indicating this memory location is full. 
® Shift-in going LOW allows Input Ready to sense the status of the next memory location. The next memory location is empty as indicated by Input Ready HIGH. 
©® If the FIFO is already full then the input Ready remains low. 
Note: Shift-in pulses applied while input Ready is LOW will be ignored. 


(3) 
SHIFT OUT 
® 
SHIFT IN 
(4) 
INPUT READY Y ‘pr tipH 
trips tRIDH 
edie cc) vccvucducanacocanacnicanacanaan CN 


Figure 3. Data is Shifted in Whenever Shift In and Input Ready are Both HIGH 


@® FIFO is initially full. 

@ Shift in is held HIGH. 

@ Shift Out pulse is applied. An empty location is detected by the interna! pointers on the falling edge of SO. 
@ As soon as Input Ready becomes HIGH the Input Data is loaded into this location. 
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SHIFT OUT cz 

<§£ tg¢94 ——_> ‘ORH 
OUTPUT 
READY @ 

=—'ops toro tort 
AIK KKAKAA 
going A-DATA ee CMY) AX eat 
topH 


Figure 4. Output Timing 


@ The diagram assumes that the FIFO contains at least three words: A-Data (first input word), B-Data (second input word), and C-Data (third input word) 
@ Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e., OR and SO are both high together. 


Q 
SHIFT OUT CD 
G) 4) 
Se Sa 
OUTPUT READY 7) a = ee 
ANYWW 
OUTPUT DATA A-DATA 1400000004 B-DATA 


AORB 


Figure 5. The Mechanism of Shifting Data Out of the FIFO 


@ Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 


@ Shift-Out goes HIGH causing B-Data (second input word) to advance to the output register. 
Output data remains as valid A-Data while Shift-Out is HIGH. 


@® Output Ready goes LOW. 
® Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 
© If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data remains the same (A-Data). 


SHIFT IN 


OUTPUT READY 


topH ——> 


Figure 6. tpy and topH Specification 


@ FIFO initially empty. 

@ Shift-Out held HIGH. 

@® Shift-in pulse applied. A full location is detected by the internal pointers on the falling edge of Shift-In. 
@® As soon as Output Ready becomes HIGH, the word is shifted out. 
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SHIFT OUT \ 6 


. TILTTIATIPT TAIT IF 
OUTPUT READY YULUIITAL LL ILL E: 
® © 


OUTPUT DATA 


A-DATA : 


Figure 7. Data is Shifted Out Whenever Shift Out and Output Ready are Both HIGH 


@ The internal logic does not detect the presence of any words in the FIFO. 
@ New data (A) arrives at the outputs. 


@ Output Ready goes HIGH indicating arrival of the new data. 
© Since Shift Out is held HIGH, Output Ready goes immediately LOW. 


© Assoonas Shift Out goes LOW the Output Data is subject to change. Output Ready will go HIGH or remain LOW depending on whether there are any additional 
words in the FIFO. 


MASTER RESET 
‘Maw 
INPUT READY © 
i 
OUTPUT READY 
tMRORL—> ‘MAS 
SHIFT IN 


DATA OUTPUTS 


mMRo—| 


Figure 8. Master Reset Timing 
@® FIFO is initially full. 


lcc vs. Frequency 


Ta =0°C 


fin = fout 
Vin ei MAX, Vin = MIN 


0 1 5 10 15 
FREQUENCY — MHz 
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AMBIENT TEMPERATURE — °C AMBIENT TEMPERATURE — °C 


67C40X/XX-10 


67C40X/XX-10 


30 


TIME — ns 


AMBIENT TEMPERATURE — °C AMBIENT TEMPERATURE — °C 


Guaranteed Distribution of topyH, tsiH vs. Temperature (For Cascadability Only) 


67C40X/XX-10/15 67C40X/XX-10/15 


AMBIENT TEMPERATURE — °C = ss AMBIENT TEMPERATURE — °C 


Figure B. Cascadability Se 
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67C4033 cl 


, : Advanced 
First-In First-Out (FIFO) Micro 
64x5 Memory 10/15 MHz (Cascadable) CMOS Devices 
DISTINCTIVE CHARACTERISTICS ORDERING INFORMATION 


e Zero standby power 
¢ High-speed 15-MHz shift-in/shift-out rates 
e Very low active power consumption 


Part 
Number Package Temp | Description 


67C4033-10| CD 020, PD 020, PL 020 10 MHz in/out 
67C4033-15| CD 020, PD 020, PL 020 15 MHz in/out 


CONNECTION DIAGRAMS 


e TTL-compatible inputs and outputs 


e Readily expandable in word width and depth 
¢ Half-Full and Almost-Full/Empty status flags 
e RAM-based architecture for short fall-through delay 


Full CMOS 8-transistor cell for maximum noise immunity 
e Asynchronous operation 67C4033 


Output enable OE} 1| 20) VCC 


LEE AD AIS TE HALF FULL | 2 | 19} ALMOST FULL/EMPTY 


The 67C4033 device is a high-performance CMOS RAM-based INPUT READY | 3 | 118] SHIFT OUT 
First-In First-Out (FIFO) buffer product organized as 64 words 
by 5 bits wide. This device uses Monolithic Memories’ latest Sher ghee Peosaaent: 
CMOS process technology and meets the demands for high- DO] 5| 16} OO 
speed, low-power operation. By utilizing an on-chip, dual-port 
RAM, a very short fall-through time is realized, thus improving D1 | 6 | 15] 1 
overall system performance. By using Read and Write pointers INPUT 217 a] 02 OUTPUT 
for addressing each memory location, the data can propagate to ua DATA 
the outputs in much less time than in traditional register-based D3} 8 | 13] O3 
FIFOs. These FIFOs are easily integrated into many applications 
and perform particularly well for high-speed disk controllers, vad ED 12] 04 
graphics, and communication network systems. The 550 ywatt anp [io] i] MASTER RESET 
standby power specification of this device makes it ideal for 
ultra-low-power and battery-powered systems. 
BLOCK DIAGRAM 

INPUT 4 SHIFT IN DATA IN 


READY 


INPUT 
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REGISTER MASTER 
RESET 


CONTROL 
LOGIC 


WRITE 64x5 READ 
POINTER DUAL PORT POINTER 
COUNTER COUNTER 
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OUTPUT 


ENABLE OUTPUT 


CONTROL 
LOGIC 


OUTPUT 
REGISTER 
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ALMOST FULL/ 
EMPTY 


DATA OUT SHIFT OUTPUT 
OUT READY 


Publication # Rev. 
10684 A /0 
issue Date: January 1989 


ABSOLUTE MAXIMUM RATINGS 
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OPERATING RANGES Over Temperature Range 


67C4033-10 67C4033-15 
SYMBOL PARAMETER | FiguRE MIN MAX | MIN MAX UNIT 


eo Ce Ne ee 
ee Ce 
aa 
Shift in LOW time 
: 
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i i Paes 

i i oes 

oie 

6 eee 


 & 
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* See AC test and high-speed application note. 


DC CHARACTERISTICS Over Operating Conditions 


67C4033-10 67C4033-15 
SYMBOL PARAMETER TEST CONDITION MIN MAX | MIN MAX UNIT 


* . F 


VOL Low-level output voltage Voc = MIN V 
IOH = -20 vA Vcc -0.1 Voc -0.1 
VOH High-level output voltage Voc = MIN V 


lOH=-4mA 
0 


Standby supply current Mil = VCC 10 100 uA 
ee Voc = MAX} ViL_ = GND 


* These are absolute voltages with respect to GND (Pin 10) and include all overshoots due to system and/or tester noise. 
** Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
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SWITCHING CHARACTERISTICS over Operating Conditions 


67C4033-10 67C4033-15 
SYMBOL PARAMETER : so MIN MAX | MIN MAX UNIT 


Shift Int to Input Ready LOW ee OO 
= Shift | Shift Qutt to Output ReadyLOW 1 to | Shift Qutt to Output ReadyLOW Ready LOW oe 
i ee 
ee Se 
Ca) 


twRORL | Master Reset! to Output Ready LOW 
'MRIRH 


Master Reset | to Input Ready HIGH 
Master Reset ! to Ouputs LOW 


twRHFL | Master Reset! to Half-Full Flag LOW 


MBAEH 
taFH Shift Out t to AF/E HIGH 

tAFL_ Shift Out t to AF/E LOW 

taFH Shift In t to AF/E HIGH 

tuFH Shift In t to HF HIGH 

Shift Out t to HF LOW 


t 
fee Output Disable Delay 


AE 


ove Enable Delay 


* See timing diagram for explanation of parameters. 
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CAPACITANCES* 


SYMBOL PARAMETER TEST CONDITION Sines he wax (ON 


Input oe Ta = 25°C, f = 1 MHz 


os ee 


* Values not tested in production. 
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THREE-STATE TEST LOAD 


TEST POINT* vee 
R1 OUTPUT ENABLE 
st 
WAVEFORM 1 
cL 
5 pF ne 
WAVEFORM 2 
$2 


ton 


STANDARD A.C. TEST LOAD 
5V 
R1 
OUTPUT TEST POINT 
R2 30 pF 


Input Pulse Amplitude = 3 V 

Input Rise and Fall Time (10%-90%) = 2.5 ns 
Measurements made at 1.5 V 

All Diodes are 1N916 or 1N3064 


$1 AND 
$2 CLOSED 


$1 CLOSED 1.5V 
S2 OPEN VOL +0.5 V 
Vo. 
tpzH ed 
Vou 
‘'S1 OPEN VOH -0.5V 
$2 CLOSED 15V 


Vr= 15V 


Figure A. Enable and Disable 


Waveform 1 is for a data output with internal conditions such that the output is 
low except when disabled by the output control. 

Waveform 2 is fora data output with internal conditions such that the output is 
high except when disabled by the output control. 


RESISTOR VALUES 


FUNCTIONAL DESCRIPTION 
Data Input 


The FIFO consists of a dual-port RAM and two ring counters for 
read and write. After power-up, the Master Reset should be 
pulsed LOW, which internally resets both the read and write 
counters. When the Input Ready (IR) is HIGH, the FIFO is ready 
to accept DATA from the Dy, inputs. Data then present at the 
inputs is written into the first location of the RAM when Shift-in 
(SI) is brought HIGH. A SI HIGH signal causes the IR to go LOW. 
When the SI is brought LOW and the FIFO is not full, IR will go 
HIGH, indicating that more room is available. The write pointer 
now points to the next location in the RAM. If the memory is full, 
then the IR will remain LOW. 


Data Output 


Data is read from the Oy outputs. Just after the first shift-in, the 
first data word is available at the outputs, which is indicated by 
the Output Ready (OR) going HIGH. When the OR is HIGH, data 
may be shifted out by bringing the Shift-Out (SO) HIGH. A HIGH 
signal at SO causes the read pointer to point to the next location 
in the RAM, and also the OR to go LOW. Valid data is maintained 
while the SO is HIGH. When the SO is brought LOW, the OR 
goes HIGH, indicating the presence of new valid data. If the 
FIFO is emptied, OR stays LOW, and O, remains as before, (i.e., 
data does not change if the FIFO is empty). A dual-port RAM 
inside the chip provides the capability of simultaneous and 
asynchronous writes (Shift-Ins) and reads (Shift-Outs). 
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AC TEST AND HIGH-SPEED APP. NOTES 


Since the FIFO is a very-high-speed device, care must be exer- 
cised in the design of the hardware and the timing utilized within 
the design. Device grounding and decoupling is crucial to 


correct operation as the FIFO will respond to very small glitches 


due to long reflective lines, high capacitances and/or poor 
supply decoupling and grounding. Monolithic Memories recom- 
mends a monolithic ceramic capacitor of 0.1 uF directly between 
Voc and GND with very short lead length. In addition, care must 
be exercised in how the timing is set up and how the parameters 
are measured. For example, since an AND gate function is 
associated with both the Shift-in-Input Ready combination, as 
well as the Shift-Out-Output Ready combination, timing meas- 
urements may be misleading; i.e., rising edge of the Shift-in 
pulse is not recognized until Input ready is HIGH. If Input Ready 
is not high due to (a) too high a frequency, or (b) FIFO being full 
or effected by Master Reset, the Shift-In activity will be ignored. 
This will affect the device from a functional standpoint, and will 
also cause the “effective” timing of Input Data Hold time (TjpH) 
and the next activity of Input Ready (Tjp,_) to be extended 
relative to Shift-In going HIGH. This same type of problem is 
also related to TjRH, TORL, TORH, and the Status Flag timing as 
related to Shift-In and Shift-Out. For high-speed applications, 
proper grounding technique is essential. 
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HF AND AFE STATUS FLAGS 


The Half-Full (HF) will be high only when the net balance of the FIFO contains thirty-one words, and SI and SO pulses are 
words shifted into the FIFO exceeds the number of words shifted applied simultaneously, the HF flag may produce an arbitrarily 
out by thirty-two or more (i.e., when the FIFO contains thirty-two short pulse, depending on the precise phase of SI and SO. 

or more words). The Almost-Full/Empty (AFE) flag will be HIGH The flags will always settle to the correct state after the 
when the FIFO contains fifty-six or more words or when the appropriate delay (e.g., THFL, THEH in this example). This 
FIFO contains eight or fewer words (see Figures 9, 10, and 11). property of the status flags will clearly be a function of the 
Care should be exercised in using the status flags because they dynamic relation between SI and SO. Generally, the use of 
are capable of producing arbitrarily short pulses. For example, if level-sensitive, rather than edge-sensitive, status detection cir- 


cuits will alleviate this hazard. 
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Figure 1. Input Timing 


SHIFT IN 


INPUT READY 


npur DATA KYA ——Staste Dara ——=)X AAA NAAN 
Figure 2. The Mechanism of Shifting Data into the FIFO 


@ Input Ready HIGH indicates space is available and a Shift-In pulse may be applied. 
@® Input Data is loaded into the first available memory location. 
@ Input Ready goes LOW indicating this memory location is full. 
@ Shift-In going LOW allows Input Ready to sense the status of the next memory location. The next memory location is empty as indicated by Input Ready HIGH. 
® If the FIFO is already full then the Input Ready remains low. : 
Note: Shift-in pulses applied while Input Ready is LOW will be ignored. 
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Figure 3. Data is Shifted in Whenever Shift In and Input Ready are Both HIGH 


@ FIFO is initially full. 

@ Shift In is held HIGH. 

@ Shift Out pulse is applied. An empty location is detected by the internal pointers on the falling edge of SO. 
@ As soon as Input Ready becomes HIGH the Input Data is loaded into this location. 


Si ctor ere OUT er 
SHIFT OUT (2) 

OUTPUT 

READY @ 
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Figure 4. Output Timing 


@ The diagram assumes that the FIFO contains at least three words: A-Data (first input word), B-Data (second input word), and C-Data (third input word). 
@ Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e., OR and SO are both high together. 


(2) 
SHIFT OUT —— 
(3) (4) 
oe eS 
OUTPUT READY oO beeerenaee A pe 
(5) 
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OUTPUT DATA A-DATA OAK) B-DATA 


AORB 


Figure 5. The Mechanism of Shifting Data Out of the FIFO 


@ Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 


@ Shift-Out goes HIGH causing B-Data (second input word) to advance to the output register. 
Output data remains as valid A-Data while Shift-Out is HIGH. 


@ Output Ready goes LOW. | 
@® Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 
@ If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data remains the same (A-Data). 
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SHIFT IN 
@) 
SHIFT OUT 
: @) 
PT 
@) 
OUTPUT READY 
topH ——> 


Figure 6. tpt and topH Specification 


@) FIFO is initially empty. 

@ Shift-Out is held HIGH. 

@ Shift-In pulse applied. A full location is detected by the internal pointers on the falling edge of Shift-In 
@ As soon as Output Ready becomes HIGH, the word is shifted out. 


SHIFT OUT ne 


OUTPUT READY : WILLS ALAS LLL LS 


ULLAL LALLA LLL LL 


Figure 7. Data is Shifted Out Whenever Shift Out and Output Ready are Both HIGH 


OUTPUT DATA 


@ The internal logic does not detect the presence of any data in the FIFO. 
@ New data (A) arrives at the outputs. 

@ Output Ready goes HIGH indicating arrival of the new data. 

@® Since Shift Out is held HIGH, Output Ready goes immediately LOW. 


@® As soon as Shift Out goes LOW the Output Data is subject to change. 
Output Ready will go HIGH or remain LOW depending on whether there are any additional upstream words in the FIFO. 
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Figure 8. Master Reset Timing 
@ FIFO is initially full. 
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MASTER RESET 


HALF-FULL FLAG 


ALMOST 
FULL/EMPTY 


Figure 9. twRHFEL: tMRAEH Specifications 


G) FIFO intially has between 32 and 56 words. 


+tsoH> 
SHIFT OUT 
‘AEH 
ALMOST FULL/EMPTY 
—<+— 'pEL 
SHIFT IN 
tsiH od 


Figure 10. tacH, taEL Specifications 


G@) FIFO contains 9 words (one more than almost empty). 


<+ tsi > 
SHIFT IN 
~<«—— 'aFH 
ALMOST FULL/EMPTY 
—<— ‘ar 
SHIFT OUT 


‘son —] +> 
Figure 11. taFH, tar. Specifications 


@ FIFO contains 55 words (one short of almost full). 
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Figure 12. tur, tyFH Specifications 
G) FIFO contains 31 words (one short of half full). 
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ENABLE 
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| READY 
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MASTER RESET 
HF HE 
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AF 
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Almost Full (AF) is eight words or less to FIFO full. 
Aimost Empty (AE) is eight words or less to FIFO empty 


Figure 13. 192x15 FIFO 
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Figure 14. Application for 67C4033 “Slow and Steady Rate to Fast ‘Blocked Rate’ ” 


Note: Expanding the FIFOs in word width is done by ANDing the IR and OR as shown in Figure 13. 
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AMBIENT TEMPERATURE — °C 


67C4033-10 Voc =45V 


TIME — ns 
TIME — ns 
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Guaranteed Distribution of top, tsi vs. Temperature (For Cascadability Only) 


67C4033-10/15 Voc =45V 67C4033-10/15 Veco =5.5V 
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Figure B. Cascadability 
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| Advance Information | Information at 


Advanced 
67C41 3 Micro 
First-in First-out (FIFO) 40 MHz 64x5 CMOS Memory Devices 


DISTINCTIVE CHARACTERISTICS 
« Zero standby power 

* High-speed 40-MHz shift-in/shift-out rates 
« Very low active power consumption 

¢ TTL-compatible inputs and outputs 

* Readily expandable in word width 


GENERAL DESCRIPTION 


The 670413 device is a high-performance CMOS RAM- 
based First-in First-Out (FIFO) buffer product organized 
as 64 words by 5 bits wide. This device uses Advanced 
Micro Devices’ CMOS process technology and meets the 
demands for high-speed, low-power operation. By utiliz- 
ing an on-chip, dual-port RAM, a very short fall-through 
time is realized, thus improving overall system perform- 
ance. By using Read and Write pointers for addressing 
each memory location, the data can propagate to the 
outputs in much less time than in traditional register- 
based FIFOs These FIFOs are easily integrated into 
many applications and perform particularly well for high- 
speed disk controllers, graphics, and communication 


CONNECTION DIAGRAM 
670413 
OE] 1| 20] VCC 
HALF FULL | 2, ) pepe 


INPUT READY | 3 | 18] SHIFT OUT 


SHIFT IN | 4 117] OUTPUT READY 
Do} 5 164 OO 
D1] 6 | 15] O1 

eur os Fa]o2 | ourPuT 
D3} 8 | 139 O3 
Daf 9 12] 04 

ano [io ii] MASTER RESET 


This document contains information on a product under development at Advanced Micro 


* Half-Full and Almost-Full/Empty status flags 

«- RAN-based architecture for short fall-through delay 

¢ Full CMOS transistor cell for maximum noise immunity 
* Asynchronous operation 

¢ Output enable 


network systems. The 550-y.watt standby power specification of 
this device makes it ideal for ultra-low-power and battery-powered 
systems. 


ORDERING INFORMATION 


Part 


670413-40_ 40 [CD 020, PD 020, PL. 020 | 020, PD 020, PL 020 | Com | 40 | 40 MHz in/out] in/out 


BLOCK DIAGRAM 


INPUT 
READY SHIFT IN DATAIN 


MASTER 
RESET 


WRITE 
POINTER 
COUNTER 


FULL/EMPTY 


ENABLE READY 


OUT 


Devices, Inc. The information is intended to help you to evaluate this product. AMD reserves 11721 B /0 


the right to change or discontinue work on this proposed product without notice. 
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Issue Date: January 1989 


FUNCTIONAL DESCRIPTION 


Data Input 


The FIFO consists of a dual-port RAM and two ring counters for 
read and write. After power-up, the Master Reset should be 
pulsed LOW, which internally resets both the read and write 
counters. When the Input Ready (IR) is HIGH, the FIFO is ready 
to accept DATA from the D, inputs. Data then present at the inputs 
is written into the first location of the RAM when Shift-In (SI) is 
brought HIGH. An SI HIGH signal causes the IR to go LOW. When 
the SI is brought LOW and the FIFO is not full, IR will go HIGH, 
indicating that more room is available. The write pointer now 
points to the next location in the RAM. If the memory is full, then 
the IR will remain LOW. 


OPERATING CONDITIONS Over temperature range 


67C413-10 67C413-15 
Parameter Figure Min. Max. | Min. Max. 


Shift Out LOW Time 


Master Reset to SI 


* See AC test and high-speed application note. 


Go 
ales ae 
tpn | leu Gata Hold Tineirom Si(shitiny | + | 4oS~SC~SCaSSSSSid 
as | = 
eas 
ae 
eee 


Master Reset Pulse oo 


Data Output 


Data is read from the O, outputs. Just after the first shift-in, the first 
data word is available at the outputs, which is indicated by the 
Output Ready (OR) going HIGH. When the OR is HIGH, data may 
be shifted out by bringing the Shift-Out (SO) HIGH. A HIGH signal 
at SO causes the read pointer to point to the next location in the 
RAM, and also the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When the SO is brought LOW, the OR goes 
HIGH, indicating the presence of new valid data. If the FIFO is 
emptied, OR stays LOW, and O, remains as before (i.e., data 
does not change if the FIFO is empty). A dual-port RAM inside the 
chip provides the capability of simultaneous and asynchronous 
writes (Shift-Ins) and reads (Shift-Outs). 


THREE-STATE TEST LOAD 
TEST POINT* Voc 
3V 
nm OUTPUT ENABLE 
$4 OV 
: $1 AND 
$2 CLOSED 
WAVEFORM 1 $1 CLOSED 1.5V 
(SEE NOTE 3) S2 OPEN O5V 
CL Vo. 
oer ‘pzH | 
VOH 
WAVEFORM 2 $1 OPEN — 05 v 
| (SEE NOTE 3) $2 CLOSED . 
So OV 
$1 AND 
{ $2 CLOSED 
67C413 2-85 


ABSOLUTE MAXIMUM RATINGS 


UPD Y VORMQG, Vo criccssccecccsssrsccrsnss cscs -0.5Vto+7.0V 
WOU VGNBOG oi are -1.5Vto7.0V 
Off-state output voltage ............cescseeses. 0.5 VtoV,, +0.5V 
Storage temperature .............ccccccssccceeesseeeeseees -65°C to + 150°C 
POWGl GiSSIDAUON 5.3. 21.0 W 
Latch-up trigger current, all Options ...............c:cccseeee. 140 MA 


ELECTRICAL CHARACTERISTICS Over Operating Conditions 


le 


Low-level Input Voltage 


Operating Supply Current 


Test Condition 


Off-State Output Current Voc = MAX GND<V 4 57<Vog 


(ae 
Vor Low-Level Output Voltage Voc = MIN V 
Vou High-Level Output Voltage | Voc = MIN & oe V 
ae 100 
| Vg * 
: - 


V4 = MIN, V,, = MAX 


fin . four 


67C413-10 67C413-15 
Min. Max. Min. Max. 


5 ee ae 


= MAX 


* These are absolute voltages with respect to GND (Pin 10) and include all overshoots due to system or tester noise. 
** No more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 


STANDARD A.C. TEST LOAD 
5V 
R4 
OUTPUT TEST POINT 
Ro 30 pF 


RESISTOR VALUES 


AC TEST AND HIGH-SPEED APP. NOTES 


Since the FIFO is a very-high-speed device, care must be exer- 
cised in the design of the hardware and the timing utilized within 
the design. Device grounding and decoupling is crucial to correct 
operation as the FIFO will respond to very small glitches due to 
long reflective lines, high capacitances and/or poor supply 
decoupling and grounding. Advanced Micro Devices recom- 
mends a monolithic ceramic capacitor of 0.1 uF directly between 
Voc and GND with very short lead length. In addition, care must 
be exercised in how the timing is set up and how the parameters 
are measured. For example, since an AND gate function is asso- 
ciated with both the Shift-In-Input Ready combination, as well as 
the Shift-Out-Output Ready combination, timing measurements 


may be misleading; i.e., rising edge of the Shift-In pulse is not rec- 
ognized until Input Ready is HIGH. If Input Ready is not high due 
to (a) too high a frequency, or (b) FIFO being full or effected by 
Master Reset, the Shift-In activity will be ignored. This will affect 
the device from a functional standpoint, and will also cause the 
“effective” timing of Input Data Hold time (T,,,,) and the next 
activity of Input Ready (T,,,,) to be extended relative to Shift-In 
going HIGH. This same type of problem is also related to T,,,,,, 
Tori: Tory and the Status Flag timing as related to Shift-In and 
Shift-Out. For high-speed applications, proper grounding tech- 
nique is essential. 
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670413 


67401 67401A 67402 67402A 


First-In First-Out (FIFO) 
64x4 64x5 Standalone Memory 


DISTINCTIVE CHARACTERISTICS 

¢ Choice of 15 and 10 MHz shift-out/shift-in rates 
Choice of 4-bit or 5-bit data width 

¢ TTL inputs and outputs 


Readily expandable in word dimension only 


Structured pinouts. Output pins directly opposite 
corresponding input pins 


¢ Asynchronous operation 


GENERAL DESCRIPTION 


The 67401/1A/2/2A are “fall-through” high-speed First-In 
First-Out (FIFO) memories organized 64 words by 4 bits 
and 64 words by 5 bits respectively. A 15 MHz data rate 


rm 


Advanced 
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Devices 


ORDERING INFORMATION 


Part 
67401 | CD 016,PD 016,PL 020 10 MHz 64x4 FIFO 


67402 


67401A |CD 016,PD 016,PL 020 15 MHz 64x4 FIFO 
67402A |CD 018,PD 018,PL 020 15MHz 64x5 FIFO 


10 MHz 64x5 FIFO 


CD 018,PD 018,PL 020 


allows usage in high speed tape or disc controllers and com- 
munication buffer applications. Word length is expandable; FIFO 
depth is not expandable. 


BLOCK DIAGRAMS 
67401/A 64x4 
Do = 
Dy 62x4 BIT a" 
D REGISTER 
2 


D3 


INPUT 
READY 


SHIFT IN 


INPUT 
CONTROL 


MASTER 
RESET 


REGISTER 


CONTROL CONTROL 
LOGIC LOGIC LOGIC 
O O O) 


OUTPUT 


67402/A 64x5 


fe) 
Do 2 
Dy 
D 62x5 BIT 02 
: REGISTER 
D3 
D4 
INPUT 
READY INPUT REGISTER OUTPUT a: 
CONTROL CONTROL CONTROL 5 
SHIFT IN abe Loic _ ouTPu 
—_—_—_——— O ‘© A 
MASTER 
RESET 


icati Rev. Amendment 
10676 B /0 
Issue Date: February 1989 
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CONNECTION DIAGRAMS 


67401A 
64x4 


67402A 
64x5 


LOGIC SYMBOL 


67401/2 


INP RDY OUT RDY 


10676-001A 
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67401 


67401/A 
64x4 
FIFO 


INP SFT 
NC RADY NC YCCOUT 


D3 GND MR Og NC 


Plastic Chip Carrier 


67402/A 
64x5 
FIFO 


= INP SFT 
1181 Yoo NC RDY NC VCC OUT 


SHIFT OUT 


OUTPUT 
READY 


115] Op 
[14] 0, 
[13] O2 
[12] Og 
[11] Oy 


MASTER 
RESET 


OUTPUTS 


D4 GND MR Og NC 


Plastic Chip Carrier 


PIN DESCRIPTION 


Dy - D4 = Data Input 
O,-O,, = Data Output 

INP RDY = _ Input Ready 

OUT RDY = Output Ready 
SFT IN = Shift In 

SFT OUT = Shift Out 

MR = Master Reset 
Voc = 5 V Power Supply 
GND = Ground 


67401A 67402 67402A 


ABSOLUTE MAXIMUM RATINGS 


SMO MOTIONS NV gh sever vsnnnsichswcnrisigianeijines.canesse -1.5V to +7.0 V 
CNS, SR EASES doer aR aOR ie SADR LTS -1.5Vto+7.0V 
Off-state output Voltage «0.0.0... eeeeeeeeeteeeeeeeees -0.5 V to +5.5 V 
Storage temperature ............ ee ceeeeseeeeeeeeeeteeees -65°C to +150°C 
OPERATING CONDITIONS 


Baehs A/2A 67401/2 
Maa Max | Min a Max 


Shift-In HIGH Time 


Pee 
anion 
Ee 
aie 
Oh 
Pt | SomORnGHT® TS 
Pn | SaROROWTN® TS 
oe ene eS 
Pine [ Meverreemest 


SWITCHING CHARACTERISTICS over Operating Conditions 


ee 67401/2 
Parameter Figure Max! Min Typ Max 


Ba Aca ls EE 
iat | Sitinompuncecow | 
a 
iat | Seat 0 
Cent | Saonwanpamegiow [se 
Peat | Sone omarenymen Ls | 
eo 
eo a 

Pee | oe sate rare 

aC ae 

on | OuputResdyPuse GH 


t See AC test and high speed application note. 


5V 
TEST LOAD Input Pulse 0 to 3 V 
560.2 Input Rise and Fall Time (10% - 90%) 
* The “TEST POINT” is driven by the output under test pi eee B cig annie 
and observed by instrumentation. 
11ka 90 pF Measurements made at 1.5 V 
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DC CHARACTERISTICS Over Operating Conditions 


Low-level input voltage 


High-level input voltage 


High-Level Input Current Voc = Vi =2.4V 


Maximum Input Current Voc = MAX Vi = 55 V 


x =2. 
25. 
Low-Level Output Voltage Voc = MIN 

High-Level Output Voltage Voc = MIN loyy = 0-9 mA 


Output Short-Circuit Current 


Veg = MAX 


All inputs low. 
All outputs open. 


Supply Current 


No more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
t These are absolute voltages with respect to GND (PIN 8 or 9) and includes all overshoots due to system or tester noise. 


FUNCTIONAL DESCRIPTION 
Data Input 


After power up the Master Reset is pulsed low (Fig. 10) to prepare 
the FIFO to accept data in the first location. When Input Ready (IR) 
is HIGH, the location is ready to accept data from the D, inputs. 
Data then present at the data inputs is entered into the first 
location when the Shift In (S!) is brought HIGH. An SI HIGH signal 
causes the IR to go LOW. Data remains at the first location until 
SI is brought LOW. When SI is brought LOW and the FIFO is not 
full, IR will go HIGH, indicating that more room is available. 
Simultaneously, data will propagate to the second location and 
continue shifting until it reaches the output stage or a full location. 
The first word is present at the outputs before a shift out is applied. 
If the memory is full, IR will remain LOW. 


Data Transfer 


Once data is entered into the second cell, the transfer of any full 
cell to the adjacent (downstream) empty cell is automatic, 
activated by an on-chip control. Thus data will stack up at the end 
of the device while empty locations will “bubble” to the front. t,, 
defines the time required for the first data to travel from input to the 
output of a previously empty device. 


Data Output 


Data is read from the O, outputs. When data is shifted to the output 
stage, Output Ready (OR) goes HIGH, indicating the presence of 
valid data. When the OR is HIGH, data may be shifted out by 
bringing the Shift Out (SO) HIGH. A HIGH signal at SO causes the 
OR to go LOW. Valid data is maintained while the SO is HIGH. 
When SO is brought LOW the upstream data, provided that stage 
has valid data, is shifted to the output stage. When new valid data 


2-90 67401 


is shifted to the output stage, OR goes HIGH. If the FIFO is emp- 
tied, OR stays LOW, and O, remains as before (i.e., data does not 
change if FIFO is empty). 


Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for at least t,,) or completely empty (Output Ready 
stays LOW for at least t,,). 


AC TEST AND HIGH SPEED APP. NOTES 


Since the FIFO is a very-high-speed device, care must be exer- 
cised in the design of the hardware and the timing utilized withing 
the design. The internal shift rate of the FIFO typically exceeds 
20 MHz in operation. Device grounding and decoupling is crucial 
to correct operation as the FIFO will respond to very small glitches 
due to long reflective lines, high capacitance and/or poor supply 
decoupling and grounding. We recommend a monolithic ceramic 
capacitor of 0.1 uF directly between V.,. and GND with very short 
lead length. In addition, care must be exercised in how the timing 
is set up and how the parameters are measured. For example, 
since an AND gate function is associated with both the Shift In- 
Input Ready combination, as well as the Shift Out-Output Ready 
combination, timing measurements may be misleading; i.e., rising 
edge of the Shift-In pulse is not recognized until Input-Ready is 
High. If Input-Ready is not high due to too high a frequency or 
FIFO being full or affected by Master Reset, the Shift-In activity will 
be ignored. This will affect the device from a functional standpoint, 
and will also cause the “effective” timing of Input Data Time (t,,,,,) 
and the next activity of Input Ready (t,,.,) to be extended relative 
to Shift-In going High. This same type of problem is also related 
tot... t,,, andt,.., as related to Shift-Out. 


IRH? “ORL ORH 
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SWITCHING WAVEFORMS _ 


KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


MUST BE WILL BE 
STEADY STEADY 


TAL HS craic 
FROM HTOL CHANGING 
FROM H TOL 


MAY CHANGE WILL BE 


FROM LTOH CHANGING 
FROM LTOH 


DON'T CARE, CHANGING, 
ANY CHANGE STATE 
PERMITTED UNKNOWN 


CENTER LINE 
DOES NOT IS HIGH 


APPLY IMPEDANCE 
"OFF" STATE 


08125-040A 


SWITCHING WAVEFORMS 


Why Wein 
ts, —_—_—_———— 
SHIFT IN 
INPUT READY 


og TVA AVHUAUKUKOKUKO TAUAOKOKOKUKUKUN 
ee, YAY oe HX, 
>| tips 


Figure 1. Input Timing 


100 ns 100 ns 


SHIFT IN 


INPUT READY 


INPUT DATA HOLD TIME 
45 ns 


>| |5ns 


10400404004040040\ 0d rr W404 040400 
WY) ee Hind 


Figure 2. Typical Waveforms for 10-MHz Shift in Data Rate (67401/2) 
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SWITCHING WAVEFORMS 


SHIFT IN 


INPUT READY 


® Input Ready HIGH indicates space is available and a Shift-In pulse may be applied. 


@ Input Data is loaded into the first word. 

@ Input Ready goes LOW indicating the first word is full. 

@ The Data from the first word is released for “fall-through” to second word. 

© The Data from the first word is transferred to second word. The first word is now empty as indicated by Input Ready HIGH. 

© If the second word is already full, then the data remains at the first word. Since the FIFO is now full, Input Ready remains low. 


NOTE: Shift-In pulses applied while Input Ready is LOW will be ignored (See Figure 3). 


Figure 3. The Mechanism of Shifting Data Into the FIFO 


SHIFT IN 
(4) 
oO eee PT tiPH 
INPUT READY 


INPUT DATA 


® FIFO is initially full. 

@ Shift Out pulse is applied. An empty location sarts “bubbling” to the front. 

@® Shift In is held HIGH. 

@ As soon as Input Ready becomes HIGH the Input Data is loaded into the first word. 


® The Data from the first word is released for “fall through” to second word. 


Figure 4. Data Is Shifted In Whenever Shift In and Input Ready Are Both HIGH 
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SWITCHING WAVEFORMS 


i/fouT —_________—> i/o ut. -—_____"_—> 


<«— tsoH——>— tsOL 


SHIFT OUT 
tORH 
OUTPUT READY Be ® 
UTPUT DATA para WWW’ B-DATA “ M M WWW C-DATA 
som) AYN) (| sem) AY) a 


® The diagram assumes that at this time, words 63, 62, and 61 are loaded with A, B, and C Data, respectively. 
@ Data is shifted out when Shift Out makes a HIGH-to-LOW transition. 


Figure 5. Ouput Timing 


SHIFT OUT 


OUTPUT READY 


———\ TARTTATR ai 
| sara) NYY : 


fe) 45 ns 


OUTPUT DATA 


@® The diagram assumes that at this time words 63, 62, and 61 are loaded with A, B, and C Data respectively. 
@ Data in the crosshatched region may be A or B Data. 


Figure 6. Typical Waveforms for 10-MHz Shift Out Data Rate (67401/2) 
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SWITCHING WAVEFORMS 


SHIFT OUT 


OUTPUT READY 


ee eS OHHH XX 


AAA 


XX) 


Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 


(ORS) 


Shift-Out goes HIGH causing the next step. 

Output Ready goes LOW. 

Contents of word 62 (B-DATA) to be released for “fall-through” to word 63. 

Output Ready goes HIGH indicating that new data (B) is now available at the FIFO outputs. 

If the FIFO has only one word loaded (A-DATA) then Output Ready stays LOW and the A-DATA remains unchanged at the outputs. 
NOTE: Shift Out pulses applied when Output Reasdy is LOW will be ignored. 


© e ® © 


Figure 7. The Mechanism of Shifting Data Out of the FIFO 


SHIFT IN 


SHIFT OUT 
<—$ $$. tp 


toPH ——> 


OUTPUT READY 


® FIFO is initially empty. 
@ Shift Out held HIGH. 


Figure 8. t,. andt..,, Specification 


PT OPH 
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SWITCHING WAVEFORMS 


OUTPUT READY 


oUTeUT DATA WYN 


® Word 63 is empty. 

@ New data (A) arrives at the outputs (word 63). 

@ Output Ready goes HIGH indicating arrival of the new data. 

@ Since Shift Out is held HIGH, Output Ready goes immediately LOW. 

© As soon as Shift Out goes LOW the Output Data is subject to change as shown by the dashed line on Output Ready. 


Figure 9. Data Is Shifted Out Whenever Shift Out and Output ready Are Both HIGH 


; tMRW 
MASTER RESET 


tMRIRH 


Fee PS Hin Come 


OUTPUT READY 


tMRS 


SHIFT IN 


® FIFO is initially full. 


Figure 10. Master Reset Timing 
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C67401 C67401A C67402 C67402A 


First-In First-Out (FIFO) 
64x4, 64x5 Cascadable Memory 


DISTINCTIVE CHARACTERISTICS 

¢ Choice of 15 and 10 MHz shift-out/shift-in rates 

* Choice of 4-bit or 5-bit data width 

* TTLinputs and outputs 

¢ Readily expandable in the word and bit dimensions 


¢ Structured pinouts. Output pins directly opposite 
corresponding input pins 


* Asynchronous operation 


ct 
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Micro 
Devices 


ORDERING INFORMATION 


GENERAL DESCRIPTION 


The C67401/2/1A/2A are “fall-through” high speed First-In First- 
Out (FIFO) memory organized 64 words by 4 bits and 64 words 
by 5 bits respectively. A 15 MHz data rate allows usage in high 


BLOCK DIAGRAMS 
C67401A 64x4 


OUTPUT 
CONTROL 
LOGIC 


MASTER RESET 


CONNECTION DIAGRAMS 


C67401A 64x4 


NC vcc 


INPUT READY SHIFT OUT 
SHIFT IN OUTPUT READY 


00 


64x4 
FIFO 
C67401/A 


01 
DATA IN OUTPUTS 


02 


O03 


MASTER RESET 
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speed tape or disc controllers and communications buffer appli- 
cations. Both word length and FIFO depth are expandable. 


C67402A 64x5 


62x5 BIT 
REGISTER 


INPUT REGISTER 
CONTROL 


CONTROL = 
LOGIC LOGIC 
) 


MASTER RESET 


OUTPUT 
CONTROL 
LOGIC 


C67402A 64x5 
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ABSOLUTE MAXIMUM RATINGS 


SARI VONAGO 2 fg caved censepsvweshsntsedatresathesesests —-0.5Vto+7.0V 
RPI enor ance eesncvcvevases -1.5Vto+7.0V 
Off-state output Voltage ............ecceeeeeeeeeeeeeeeee —-0.5Vto+5.5V 
Storage temperature ...........cccccccseeeeseeeeeeees —65°C to + 150°C 
OPERATING CONDITIONS 


ee 
Parameter Min. Typ. Max. | Min. Typ. Max. 

[Yoo | Suewveteo | aS 8 sas [ars 5 Sav 
ae ee ee ee 


; 
=) 
on 
/#) a] a] a|a)a)afale 


Symbol Parameter in. ” Min. Typ. Max. 
a a 
ine__| Shino np Ready COW 
Fa [Shit In Tape Ready HIGH 
perce! Shift Out rate 
ee 
torn! 
| tons 


Master Reset to OR LOW 
Master Reset to IR HIGH 
ee Input Ready pulse HIGH 
Output Ready pulse HIGH 


TAL 
URH 
four 
OF 
ORL 
Pe 
ORH 
topH 
tops 
tor 

t 

t 

tH 
OPH. 


Tt See AC test and High Speed application note. *This parameter applies to FIFOs communicating with each other in a cascaded mode. 
SWITCHING TEST CIRCUIT 
SV Input Pulse 0 to 3 V 
Input Rise and Fall Time (10% - 90%) 
sen 5 ns minimum 
TEST POINT* Measurements made at 1.5 V 
* The"TEST POINT" is driven by the output under test, 


F. 


and observed by instrumentation. rr. op aoe 


Lt 
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DC CHARACTERISTICS Over Operating Conditions 


i 


Input clamp voltage 


Low-level 
input current 


e 
= 


L Low-level output voltage Voc = MIN 


soe = MIN 


< 
Oo 


High-level output voitage 


D1 
welll 


Voc = MAX 
All inputs low. 
All outputs open. 


Supply current 


Q 
0 


aie -level input current Voc = MAX 2.4V 


os = BmA 0.5 
oe = -0.9mA 2.4 


C67401 160 
C67402 180 mA 
C67401A 170 
C6702A 190 


*Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
tThere are absolute voltage with respect to device GND (Pin 8 or 9) and includes all overshoots due to test equipment 


FUNCTIONAL DESCRIPTION 


Data Input 

After power up the Master Reset is pulsed low (Fig. 10) to 
prepare the FIFO to accept data in the first location. When Input 
Ready (IR) is HIGH the location is ready to accept data from the 
D, inputs. Data then present at the data inputs is entered into 
the first location when the Shift In (SI) is brought HIGH. A SI 
HIGH signal causes the IR to go LOW. Data remains at the first 
location until SI is brought LOW. When SI is brought LOW and 
the FIFO is not full, IR will go HIGH, indicating that more room 
is available. Simultaneously, data will propagate to the second 
location and continue shifting until it reaches the output stage 
or a full location. The first word is present at the outputs before 
a shift out is applied. If the memory is full, IR will remain LOW. 


Data Transfer 


Once data is entered into the second cell, the transfer of any full 
cell to the adjacent (downstream) empty cell is automatic, 
activated by an on-chip control. Thus data will stack up at the 
end of the device while empty locations will “bubble” to the front. 


tpT defines the time required for the first data to travel from input 
to the output of a previously empty device. 


Data Output 

Data is read from the Ox outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
provided that stage has valid data, is shifted to the output stage. 
When new valid data is shifted to the output stage, OR goes 
HIGH. If the FIFO is emptied, OR stays LOW, and O, remains 
as before, (i.e. data does not change if FIFO is empty). Input 
Ready and Output Ready may also be used as status signals 
indicating that the FIFO is completely full (Input Ready stays 
LOW for at least tpt) or completely empty (Output Ready 
stays LOW for at least tpt). 


AC TEST AND HIGH-SPEED APP. NOTES 


Since the FIFO is a very-high-speed device, care must be 
exercised in the design of the hardware and the timing util- 
ized within the design. The internal shift rate of the FIFO 
typically exceeds 20 MHz in operation. Device grounding and 
decoupling is crucial to correct operation as the FIFO will 
respond to very small glitches due to long reflective lines, 
high capacitance and/or poor supply decoupling and groun- 
ding. We recommend a monolithic ceramic capacitor of 0.1 
uF directly between Vcc and GND with very short lead 
length. In addition, care must be exercised in how the timing 
is set up and how the parameters are measured. For example, 
since an AND gate function is associated with both the Shift 


In-Input Ready combination, as well as the Shift Out-Output 
Ready combination, timing measurements may be mislead- 
ing, i.e. rising edge of the Shift-In pulse is not recognized 
until Input-Ready is High. If Input-Ready is not high due to 
too high a frequency or FIFO being full or affected by Master 
Reset, the Shift-In activity will be ignored. This will affect the 
device from a functional standpoint, and will also cause the 
“effective” timing of input Data Time (tipH) and the next 
activity of Input Ready (tjp,_) to be extended relative to Shift- 
In going High. This same type of problem is also related to 
tiRH, tORL and tORH as related to Shift-Out. 
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ts. —_—__—> 


SHIFT IN 


INPUT READY 


> 


ios 


100 ns 100 ns 


SHIFT IN 


INPUT READY 


Se HOLD TIME VW AAAAMAAAAAAAA) se aeapesiee CH | { 
— QE AA 
oo Figure 2. Typical Waveforms for 10 MHz Shift In Data Rate 


SHIFT IN 


INPUT READY 


ANY HYYYYTHRYYYHRYYYTHRYYYYTRYYTHRYYYTHRYYTHRYTH TH 


4,4,6.9.9.0.0.0.0.0.0.04.6.9.6.0.0.0.0.0.0.6.6.4.6.0.6.0.0.0.0.0.0.06.0.0.0.0.0.0.0.0.00006000000000000006 
Figure 3. The Mechanism of Shifting Data Into the FIFO 


Q) Input Ready HIGH indicates space is available and a Shift In pulse may be applied. 

(2) Input Data is loaded into the first word. 

(3) Input Ready goes LOW indicating the first word is full. 

G) The Data from the first word is released for “fall-through” to second word. 

Ga) The Data from the first word is transferred to second word. The first word is now empty as indicated by Input Ready HIGH. 
If the second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready remains low. 


NOTE: Shift In pulses applied while Input Ready is LOW will be ignored (See Figure 4). 
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SHIFT IN 


1) <__________- tpt IPH 


INPUT READY 


Figure 4. Data is Shifted in Whenever Shift In and input Ready are Both HIGH 


(1) FIFO is initially full. 


(2) shit Out pulse is applied. An empty location starts “bubbling” to the front. 


(3) shit In is held HIGH. 
(4)As soon as Input Ready becomes HIGH the Input Data is loaded into the first word. 


(3) The Data from the first word is released for “fall through” to second word. 


,A——$$_$_$_ Viqur——_—___|+———__'‘tout "> 


—«— tsoH—— 


pee pepe 11010404040 
: soa HN 


C) The diagram assumes, that at this time. words 63, 62. 61 are loaded with A. B. C Data, respectively 


C-DATA 


(2) Data is shifted out when Shift Out makes a HIGH to LOW transition. 


Figure 5. Output Timing 
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OUTPUT READY 
C5 ns) 


ea (XAAXARAAAAARA) eee CX AXA AKARAAAAAL pK 
| tert II | coe 


ava 
a 45 ns 


Figure 6. Typical Waveforms for 10 MHz Shift Out Data Rate 


C) The diagram assumes, that at this time, words 63, 62, 61 are loaded with A, B. C Data, respectively 


(2) Data in the crosshatched region may be A or B Data. 


SHIFT OUT 


OUTPUT READY 


TTKTTTTTITI 
WW) 


Figure 7. The Mechanism of Shifting Data Out of the FIFO. 


C) Output Ready HIGH indicates that data is available and a Shift Out pulse may be applied 
(2) Shift Out goes HIGH causing the next step. 

(3) Output Ready goes LOW. 

(4) Contents of word 62 (B-DATA) is released for “fall through” to word 63 

Ga) Output Ready goes HIGH indicating that new data (B) is now available at the FIFO outputs. 


If the FIFO has only one word loaded (A-DATA) then Output Ready stays LOW and the A-DATA remains unchanged at the outputs 


NOTE: Shift Out pulses applied when Output Ready is LOW will be ignored. 
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SHIFT IN 


SHIFT OUT 
tpt 
topH——>" 
OUTPUT READY 


C) FIFO initially empty. ; ; - 
Figure 8. tpy and top}, Specification 


SHIFT OUT 


OUTPUT READY 


OUTPUT DATA 


Figure 9. Data is Shifted Out Whenever Shift Out and Output Ready are Both HIGH. 


(1) Word 63 is empty () Since Shift Out is held HIGH, Output Ready goes immediately LOW. 


As soon as Shift Out goes LOW the Output Data is subject to change 


(2) New data (A) arrives at the outputs (word 63) 
as shown by the dashed line on Output Ready 


(3) Output Ready goes HIGH indicating the arrival of the new data. 


'MRW 
MASTER RESET 


ee a6 
ae 0 ’-—— 


OUTPUT READY 


'MRS 


SHIFT IN 
C) FIFO initially full. Figure 10. Master Reset Timing 
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INPUT READY SHIFT OUT 


SHIFT IN OUTPUT READY 


DATA IN DATA OUT 


MASTER RESET O 


Figure 11. Cascading FIFOs to Form 128x4 FIFO with C5/C67401A/1 


FIFOs can be easily cascaded to any desired depth. The handshaking and associated timing between the FIFOs are handled by the 
FIFOs themselves. 


SHIFT OUT 


COMPOSITE 


INPUT READY COMPOSITE 


OUTPUT READY 


SHIFT IN 


MASTER RESET 


Figure 12. 192x12 FIFO with C5/C67401/1A 


FIFOs are expandable in depth and width. However, in forming wider words two external gates are required to generate composite 
Input and Output Ready flags. This need is due to the different fall-through times of the FIFOs. 
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APPLICATIONS 


RESET 


C67401 


NOTE: The output of monostable holds off the “Buffer full” interrupt for 
100ns. If 100ns after shift in, there has not been an input Ready to reset 
the “D Flip-flop” an interrupt is issued, as the FIFO is full. The CPU 
then empties the FIFO before the next character is output from the 
tape drive. 


Figure 13. Slow Steady Rate to Fast “Blocked” Rate 


C67401 
64x8 


SYSTEMA 


SYSTEM B 


TRI-STATE 
REGISTERS 


C67401 
64x8 


OR 
so 


NOTE: Both depth and width expansion can be used in this mode. The |Rand 
OR signals are the anded versions of the individual IR and OR signals. 


Figure 14. Bidirectional FIFO Application 
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748225/A. 


Asynchronous First-In First-Out Memory 
(FIFO) 16 x 5 


Features/ Benefits 

¢ DC to 20-MHz shift-in/shift-out rates 

e Fully expandable by word width and depth 
e Three-state outputs 

¢ TTL-compatible inputs and outputs 

¢ Functionally compatible with T.I. SN74S225 
e Designed for extended testability 


Description 


The 74S225/A is a Schottky-clamped transistor-transistor logic 
(STTL) 16x5 First-In-First-Out memory (FIFO) which operates 
from DC to 10/20 MHz. The data is loaded and emptied on a 


Pin Names 


CLK A Load clock A 


Input ready 
[+ | wwarur [ule sooo 


Pee UNCLK IN Unload clock input 


rm 
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Ordering Information 


Part 


74225 CD 020, PD 020 Com |10 MHz in/out 
74S225A CD 020, PD 020 20 MHz in/out 


first-in-first-out basis through asynchronous input and output 
ports. These devices are used in digital systems performing data 
transfers when source and receiver are not operating at the 
same data rate. FIFOs are also used as data buffers where the 
source and receiver are not operating at the same time. Both 
word length and FIFO depth are expandable. Unload clock 
output (Pin 3) is designed for testability of Vo, . 


Pin Configuration 


74S225/A .. J or N Package 


(Top View) 


DATA 


OUTPUTS 
CLK B Load clock B 
_— 
= 01 
16x5 12 02 
REGISTER 03 
11 oe 
3 
UNLOAD CLOCK OUT 16 UNLOAD 
INPUT READY <—= seeped CLOCK IN 
LOAD CLOCK A , ae LOGIC 17 OUTPUT 
LOAD CLOCK B READY 
CLEAR —8 Io 


Issue Date: May 1988 
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Absolute Maximum Ratings 


SUNY VA VGN ois cc aen apa eeesinn cs Fines Eno eK ewan soap oe nwaeds pees tv RIE BMNEN CRASS EF HERDS MONSON § -0.5Vto7V 
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Pe I oes eb ee baie 0s ya dd RE Fo eos Seb ce eae Ne Rho 50:88 SP RARDAYA ARE ST ED PRET ww eS SGt -0O5Vto55V 

-65 to +150°C 


eee IN OA NEN CMR bag Say Fasano SANT Gada be wo bo 0 b'0, 8 Wine 0.8 G:0 0 a9 je GON MEE DOES A RRO Do RED 


Operating Conditions 


74S225A 74$225 
PARAMETER MIN TYP MAX | MIN TYP max | UNIT 


[ suppyvctage —=—SSCSC*C~“~*“‘*~dS*C“CS*‘iz fre 
TOperatngiteeairtempertue —=S=«t=SCs“‘“‘sON’™W#Sd@COCC~C*sdSC 
LORD CLOCK puke wish, Aor®.ty (HIGH) |? [mass ——*d Cw 
[setuptine,tatorosaciock | pmo «d aid 
T Hoistine, data romioascock ————S«; Si sonSSSC*id oH SSS~*d 
[UNLOAD CLOCK INPUT pulse wath ty Gow) «|? ae? id 
Ftouck | Seup tine cearrelaseioiadsockigy | 2 [1 —~iast w 


* Data must be setup within 20 ns after valid Load Clock (A or B) pulse (positive transition). 


SYMBOL 


t = Arrow indicates that it is referenced to the LOW-to-HIGH transition. 


SYMBOL 


t{UCKORL 
tUCKORH 


Switching Characteristics Over Operating Conditions 

Sco oe 
MIN TYP MAX | MIN TYP MAX 
poco | tae | sme 
Load clock A or clock B 0 22 10 20 MHz 
camoxtemt.. | oe 
euxaercucsieuncxou fe st wf eo 
Cascade Mode*** 

Unload clock input 4 20 22 10 20 MHz 
eas | eee 
Reoiedien:. | he 
PuncknT ORIG ee 
Couputdaa non. wNcKW ova |e [ae 
sopusseann incon [+ [w]e 
ee ee 
ecg a 8 = | a 
ae etege oe ee ee ee 
Bie =e 
fo 8 [i ee 28 0. ns _| 


tauBI UNCK IN to IR fT (bubble-back time) 
tguBc | UNCK IN to UNCK OUT ! (bubble-back time) 


| Arrow indicates that it is referenced to the HIGH-to-LOW transition. 


** 16th word only. 
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Switching Characteristics Over Operating Conditions 


74S225A 74$225 = 
SYMBOL PARAMETER Nee TYP MAX| MIN TYP max| Y 


De 

Output disable delay, OE to Qj, CL = 5 pF 10 25 oe 
| tprz | ee 2a 
t me SS ee 40 

Output enable delay, OE to Qj, C, = 5 pF 1 25 40 me 
tp7H a 40 


Test Load for Bi-State Output Test Load for Three-State Output 
vcc 
TEST POINT™ voc RL 
TEST POINT* 
RL 
OUTPUT 
eS 
CL = 30 pF 
RL = 3000 


* The “TEST POINT” is driven by the output under test, 
and observed by instrumentation. 


Input Pulse Amplitude = 3.0 V 
input Rise and Fall Time (15%-90%) = 2.5 ns 
Measurements made at 1.5 V 


—anere 3V 
OUTPUT ENABLE 
OV 
$1 AND 
$2 CLOSED 
DATA OUTPUT $1 CLOSED as¥ 
WAVEFORM 1 S2 OPEN 0.5V 
Vo. 
tpZH 
ae oy Vou 
DATA OUTPUT S1 OPEN OSV 
WAVEFORM 2 $2 CLOSED = est 
$1 AND 
$2 CLOSED 


Figure 1. Enable and Disable 


Waveform 1 is for an output with internal conditions such that the output is 
low except when disabled. 


Waveform 2 is for an output with internal conditions such that the output is high 
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Electrical Characteristics Over Operating Conditions 


Low-level output voltage™ Voc = MIN 


Supply current 


_* To measure Vo,_ On Pin 3, force 10 V on Pin 9 (Extended Testability). 


[lames [ee 
a ewe 
Vic | tputetompvotage __[vcg=MN[ y= ma SCS 


NL Low-level Do-D4 Voc = MAX] -V) = 0.5V 
lis input current All others -.25 
High-level input current Voc = MAX Vp = 22-V 


[Datainputs | 
af RR tae 
a 


IOH = -3.2 mA (All others) 
Output short-circuit current* Voc = MAX Vo=0V 


Voc = MAX Vo=2.4V 
Off-state output current 
Voc = MAX Vo = 0.5 V -50 


Sie 
Sew 
poles 
tags 
ee 


Inputs low, All 
outputs open 


Data | Data inputs — 
| Others | 


74S225A 125 


m 


tlt 3 = 


** Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 


Functional Description 
Data Input 


After power up the CLEAR is pulsed low (Figure 5) to prepare the 
FIFO to accept data in the first location. Clear must be applied 
prior to use to ensure proper operation. When Input Ready (IR) 
is HIGH, the first location is ready to accept data from the D, 
inputs. Data then present at the data inputs is entered into the first 
location when both Load Clocks (CLK A and CLK B) are brought 
HIGH. The CLK A HIGH and CLK B HIGH signal causes the IR 
and UNCK OUT to pulse LOW. Once data is entered into the first 
cell, the transfer of data from any full cell to the adjacent (down- 
stream) empty cell is automatic, activated by an on-chip control. 
Thus data will stack up at the end of the device while empty 
locations will “bubble” to the front. tR|p defines the time required 
for the first data to travel from input to the output of a previously 
empty device. When the sixteenth word is clocked into the 
device, the memory is full (sixteen words) and IR remains low. 
The Unload Clock Output is provided chiefly for use in cascading 
devices to extend FIFO depth (Figure 9). When Input Ready is 
Low, do not attempt to shift-in new data. 


Data Output 


Data is read from the Q, outputs. When data is shifted to the 
Output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Unload Clock Input (UNCK IN) LOW. 
ALOW signal at UNCK IN causes the OR to go LOW. Valid data is 
maintained while the UNCK IN is LOW. When UNCK IN is 
brought HIGH the upstream data, provided that stage has valid 
data, is shifted to the output stage. 
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When new valid data is shifted to the output stage, OR goes 
HIGH. If the FIFO is emptied, OR stays LOW and Data remains 
valid for the last word. 


Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for at least taup)) or completely empty (Output 
Ready stays LOW for at least tp)p). 


AC Test and High-Speed App. Notes 


Since the FIFO is a high-speed device, care must be exercised in 
the design of the hardware and the timing utilized within the PC 
board design. Device grounding and decoupling is crucial to 
correct operation as the FIFO will respond to very small glitches 
due to long reflective lines, high capacitances and/or poor 
supply decoupling and grounding. We recommend a monoli- 
thic ceramic capacitor of 0.1 uF directly between Vac and GND 
with very short lead length. In addition, care must be exercised in 
how the timing is set up and how the parameters are measured. 
For example, since an AND gate function is associated with both 
the Load Clocks (A, B) — Unload Clock Output-Input Ready 
combination, as well as the Unload Clock Input-Output Ready 
combination, timing measurements may be misleading, i.e., ris- 
ing edge of the Load Clock pulse is not recognized until Input 
Ready is HIGH. If Input Ready is not high due to (a) too high a 
frequency, or (b) FIFO being full or affected by (CLR), the 
LOAD-CK activity will be ignored. This will affect the device 
from a functional standpoint, and will also cause the “effective” 
timing of Input Data Hold time (t}pH) and the next activity of 
Input Ready (tLC}RL) to be extended relative to Load Clock (Aor 
B) going HIGH. 


74S225/A 


LOAD CLOCK 
(B OR A) 


1/FIN 
tLCKH 
LOAD CLOCK 
(A OR B) 
tLcinL2 < 
INPUT READY Y v 
ly y 
tuckKow 
UNLOAD 
CLOCK PAS 
OUTPUT 
tLCCOL 


tips | 


‘CLOCK nana 


INITIAL CYCLE ONLY 


tcLw 


NOTES: 1. Permissible negative setup time for input data 
2. Measure t; C)R_ for 16th input word only 


Figure 2. Input Timing 


LOAD CLOCK 
(B OR A) 


LOAD CLOCK e 
(A OR B) 
INPUT READY © \ @ 
Ne eee ee ee ae ee ne wt as eB st Rvp el eng EL 
UNLOAD ® 
CLOCK OUTPUT 


NYY X¥XYNYHXYXY RAY XAXYREAARED AER SAXENA 


INPUT DATA NWN \)) («SABLE DATA 25 


NOTES: 1. Input Ready HIGH indicates space is available and a Load Clock (A and B) pulse may be applied. 
2. Input Data is loaded into the first word. 
3. Unload Clock Output pulses indicating the first word is full and the Data from the first word is released for “fall-through” to 
second word. 
4. If the second word is already full, then the data remains at the first word. Since the FIFO is now full, Input Ready remains LOW. 
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UNLOAD 
CLOCK INPUT 
OUTPUT 
READY 
tUCKORL 
OUTPUT DATA 
Figure 4. Output Timing 
(2) 
UNLOAD 
CLOCK INPUT 
4) 
OUTPUT READY © 
ma = 
(5) 
-  \YAAAAAAAAAAAAAAA A 
A-DATA 
OUTPUT DATA 440400440440 440 42 B-DATA 


A OR B-———> 


NOTES: 1. Output Ready HIGH indicates that data is available and an Unload Clock Input pulse may be applied. 


2. Unioad Clock Input goes LOW creating an empty position at word 16 for word 15 to “fall-through” to. 
3. Output Ready goes LOW. 
4 
5 


. Unload Clock Input goes HIGH, causing Output Ready to go HIGH, indicating that new data (B) is now available at the FIFO outputs. 
. If the FIFO has only one word loaded (A-DATA), then Output Ready stays LOW and the A-DATA remains on the outputs. 


NOTE: Assume FIFO initially contains at least two words. 


Figure 5. The Mechanism of Shifting Data Out of the FIFO 
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‘cLw 
CLEAR 
'CLIH 
INPUT READY 


tcLloL-—~ — 
OUTPUT READY 


tCLCK 


LOAD CLOCK 
(A AND B) 


NOTE: Assume FIFO is full before CLEAR goes active. 


Figure 6. Clear Timing 


LOAD CLOCK Sree 
(A ORB) 


LOAD CLOCK 
(B OR A) 


<—__—— tpyp ———_» 


OUTPUT READY 


‘ HIGH 


UNLOAD CLOCK 
INPUT 


NOTES: 1. FIFO is initially empty. 


2. Unload Clock Input and one Load Clock held HIGH throughout. 


Figure 7. tpip Specifications 


UNLOAD CLOCK 
INPUT 


INPUT READY 


UNLOAD CLOCK 


OUTPUT 

$ HIGH 
LOAD CLOCK 
(A and B) 


NOTES: 1. FIFO is initially full. 
2. Load Clock (A and B) held HIGH throughout. 


Figure 8. tap) tauBc Specifications 


74S 225/A 
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CLOCK IN horas 
READY 
a UNLD  UNLD © UNLOAD 
re CKOUT CKIN CLOCK 
sets _ OUTPUT 
CLEAR ENABLE 
INPUT 
READY 
10 BITS 10 BITS 
DATA IN DATA OUT 
UNLD UNLD J 
NC : CKOUT CKIN ~ CKOUT CKIN 


Qo 
Qi 
Q2 
Q3 
Q4 


Figure 9. 48x10 FIFO with 74S225/A 
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67413A/67413 


First-In First-Out (FIFO) 
64 x 5 Memory 


Features/ Benefits 
High-speed 35 MHz shift-in/shift-out rates 
High-drive capability 


Three-state outputs 


Half-full and Almost-full/Empty status flags 


e Structured pinouts. Output pins directly opposite 
corresponding input pins. 


e Asynchronous operation 
e TTL-compatibie inputs and outputs 


Description 


The 67413A is a high-speed, 64x5 First-In-First-Out (FIFO) 
memory which operates at 35-MHz input/output rates (67413 
operates at 25-MHz in-out). The data is loaded and emptied on a 
first-in-first-out basis. It is a three-state device with high-drive 
(lo, = 24mA) data outputs. These devices can be connected in 
parallel to give FIFOs of any word length. It has a Half-full flag 
(thirty-two or more words full) and an almost full/empty flag 
(fifty-six or more words or eight or less words). The main appli- 
cations of 67413A, 67413 are rate buffers; sourcing and absorb- 
ing data at different rates. Other applications are high-speed 
tape and disk controllers, data communications systems and 
plotter control systems. 


Block Diagram 


INPUT READY : INPUT 


SHIFT IN —~——_»> 


CONTROL 
LOGIC 


—ieninmnemabeaanestiatie 1 HALF FULL 
MASTER RESET : 1 >o : 


REGISTER 


REGISTER 
CONTROL 
LOGIC 


ct 
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Ordering Information 


Part 


67413A CD 020 35 MHz in/out 
CD 020 25 MHz in/out 


Pin Configuration 


OE [1 


HALF FULL J 2 | 


20) VCC 


19) ALMOST FULL/ 
EMPTY 


INPUT READY | 3 | 18] SHIFT OUT 


SHIFT IN | 4 | OUTPUT READY 
Do] 5| 67413A 16} OO 
67413 
D1} 6 | 15} O01 


DATA D2 OUTPUT 


111] MASTER RESET 


00 
15 xy 
FIFO 14 
OUTPUT 13 02 
STAGE 12 = 
18 
OUTPUT SHIFT OUT 
ae 17 OUTPUT 
READY 


ALMOST FULL/EMPTY 


Publication # Rev. Amen nt 
10678 A /0 
Issue Date: May 1988 
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Absolute Maximum Ratings 
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Operating Conditions 


67413A 67413 
SYMBOL PARAMETER | FIGURE | MIN TYP MAX MIN TYP MAX UNIT 


a 

a | Overtngtreeairiompemve | [0 ‘fo = | °c 

Ags 0 eee a 
S| Sees 


[sont | ShimouniGHine «ds fe ids 
FS 

Tewawt | MaserResetpuse «dof wid SSC~id 
a ae ee ee 


Switching Characteristics Over Operating Conditions 


67413A 67413 
SYMBOL PARAMETER | FIGURE ai; ee ae cae ae a ee 
a DC +430 


tinct | Shift Int to Input Ready LOW 1 12 18 12 28 | ns | 
tigHt | Shift In| to Input Ready HIGH 4 20 14 25 


for [encom (Bf [me 
Pont [Shiv OwiwOupafediow | 6 | @ sw] S| 
onint [Shit Ou fio OuputResayniGH | s [ 4a | as | 
Foon [OupitOataHois prevouswor) | 8 [w+ i 
[tons [Supt Gaasnitinexwor | 8 | SS | SO 


tMRIRL | Master Reset ! Input Ready LOW* 
Master Reset ! to Outputs LOW 


Note: Typicals at 5 V Vcc and 25°C Ta. 
* If the FIFO is not full (IR High), MR low forces IR low, followed by IR returning high when MR goes high. 
1 See AC test and high-speed application note. 
TT Tested 
TTT Guaranteed by design (see test load). 


a eS es ee 
los eee 
fs Spe 
Ce 
= = 
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Switching Characteristics Over Operating Conditions (continued) 


jsvweot| —_anaweven | FIGURE | yy “VE mas 
a 
cease Wee ee ces 
[ono [Ouutrenay HiGHtoCamvaid [5 | =] SSSC~« 
Pasi inow wartenGe [oes [es 
Ttwer” [Sritinriearevow ‘|__| 60 om] 5060 | ms 
[tart [SnikOutrtoarretow | we | «60 ow] «50-650 | mm 
Ttwen” [SnitinAFEWGH «|e | as | ts |e 
ae 


tPHZ = 14 25 14 30 
a ey ieee Disable Delay 

te 14 25 14 30 

tz —— 14 25 14 30 
po ae eee Enable Delay 

tezH | SS 24 38 24 50 


Note: Input rise and fall time (10%-90%) = 2.5ns. * See timing diagram for explanation of parameters. 


67413A/67413 


Standard Test Load 


5V 
R1 
OUTPUT TEST POINT 


R2 30pF 


Typical Io¢ vs Temperature 
Input Pulse Amplitude = 3V 


(Voc = MAX) 
Input Rise and Fall Time (10%-90%) = 2.5ns 


220 
Design Test Load 
5 V 35 (MHz) 210 
2 Ki) 200 
loc (mA) 
2 
67413/A (V 5.25V 
30 pF (Voc = wa 
: HEE 
: 2 FaSeeeo> 
160 
-55-50 -25 75 100 
ae TEMPERATURE ae Cc) 
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67413 Switching Characteristics Over Operating Conditions (continued) 


Y COMMERCIAL 
SYMBOL PARAMETER MIN TYP MAX UNIT 


Tip | Inputrescypusenich | AT 
as ce eee ee 
ono | OutoutreadyiHiGHtopataveid |S] 
Po eitomtmereMec: 2) | eM rae | te, 
eibporrried = fete se | 
© a er ee eee 
iad [oputineAPERIGH @ Aa Pe | 
(Sr oi 1 i a bec Se re 
le 2S ae Se eae Ore Ee 
‘PLZ 
i 0 
Se Se ae ae 


Note: Input rise and fall time (10%-90%) = 2.5 ns. 
* See timing diagram for explanation of parameters. 
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Absolute Maximum Ratings 
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67413 Operating Conditions over Temperature Range 


gas rae 
SYMBOL PARAMETER MAX UNIT 


a 
i: Operating free-air temperature 
isint | Shift in HIGH time i 2 ee 

“eo “la ee ee ene 

eee 

ae ee 


ha 


oh 
Le») 


67413 Switching Characteristics Over Temperature Range 


PARAMETER ali ai NIT 
MIN TYP max |¥Y 


ee 
T-snitint toinputesayiow ——SSCSC~dSn S| SCSSC | 
Pipa’ [Sin empatreay gs [es 
ee ee ee ee 
Fonut | Shit Out to OuputReadyiOw ——Si«d| ss | CSS | 
[shit Outs to Output ReseyniGH «ds «| SSC 
‘ont | Output Data Hols orevouswors) ————S«| Ss | SSSSCS~d i 
Hops | Output Data Smit nextwors) SS*ds SSS 
ior | Data rrougnput ort tough” «Tee | SCT 
tunon | MasterReset to OutputReadytOw ‘| _0 | SSS 
run | MasterReset to InputReagyHiGh ‘|_| Sa 


'MRIRL Master Reset ! input Ready LOW* 18 30 ons 
Master Reset ! to Outputs LOW 32 55 Fons | 


Note: Typicals at5 V Vcc and 25°C Ty. 
* If the FIFO is not full (IR High), MR low forces IR low, followed by IR returning high when MR goes high. 
t See AC test and high-speed application note. 


SYMBOL 
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Electrical Characteristics Over Operating Conditions 


Supply current 


SYMBOL PARAMETER TEST CONDITION MIN TYP MAX | UNIT 


Voc = MAX. All inputs low. All outputs open. 


Input clamp voltage Voc = MIN | I) = -18mA 
Low-level input current Voc = MAX! V; = 0.45 V 
High-level input current Voc = MAX! V; = 2.4V 
lo, (Data outputs) pine 
VOL Low-level output voltage Voc = MIN | Io, (IR, OR) ro 8 mATT 0.5) V 
lo_ (Flag outputs) eee 
IOH (Data outputs) 
VoH | High-level output voltage | Vog = MIN | Igy (IR,OR) ae 24 V 
IOH (Flag outputs) 
Output short-circuit current* Voc = MAX! Vo=0V -20 -90 
Off-state output current 
oc mA 


(67413A/67413) mA 


* Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 


** See curve for Iog vs. temp. 


, There are absolute voltages with respect to GND (PIN 8 or 9) and includes all overshoots due to test equipment. 


tT Care should be taken to minimize as much as possible the DC and capacitive load on IR and OR when operating at frequencies above 25 MHz. 


Functional Description 
Data Input 


After power up the Master Reset is pulsed low (Figure 10) to 
prepare the FIFO to accept data in the first location. Master 
Reset must be applied prior to use to ensure proper operation. 
When Input Ready (IR) is HIGH the first location is ready to 
accept data from the Dy inputs. Data then present at the data 
inputs is entered into the first location when the Shift-In (Sl) is 
brought HIGH. A SI HIGH signal causes the IR to go LOW. Once 
data is entered into the first cell, the transfer of data in any full 
cell to the adjacent (downstream) empty cell is automatically 
activated by an on-chip control. Thus data will stack up at the 
end of the device (while empty locations will “bubble” to the 
front when data is shifted out). tpt defines the time required for 
the first data to travel from input to the output of a previously 
empty device. When SI is brought LOW and the FIFO is not full, 
IR will go HIGH, indicating more room is available. If the memory 
is full, IR will remain LOW. 


Data Output 


Data is read from the Ox outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 


presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
provided that there is valid upstream data, is shifted to the output 
stage. When new vaiid data is shifted to the output stage, OR 
goes HIGH. If the FIFO is emptied, OR stays LOW and Data 
output will not be valid. 


Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for at least tpt) or completely empty (Output Ready 
stays LOW for at least tpT). 


AC Test and High-Speed App. Notes 


Since the FIFO is a very-high-speed device, care must be exer- 
cised in the design of the hardware and the timing utilized within 
the design. The internal shift rate of the FIFO typically exceeds 
60 MHz in operation. Device grounding and decoupling is cru- 
cial to correct operation as the FIFO will respond to very small 
glitches due to long reflective lines, high capacitances and/or 
poor supply decoupling and grounding. Monolithic Memories 
recommends a monolithic ceramic capacitor of 0.1 uF directly 
between Vcc and GND with very short lead length. In addition, 
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care must be exercised in how the timing is set up and how the 
parameters are measured. For example, since an AND gate 
function is associated with both the Shift-In-Input Ready 
combination, as well as the Shift-Out-Output Ready combina- 
tion, timing measurements may be misleading, i.e., rising edge 
of the Shift-In pulse is not recognized until Input Ready is HIGH. 
If Input Ready is not high due to (a) too high a frequency, or (b) 
FIFO being full or effected by Master Reset, the Shift-in activity 


will be ignored. This will affect the device from a funcitonal 
standpoint, and will also cause the “effective” timing of 
Input Data Hold time (T|pH) and the next activity of Input Ready 
(T|RL) to be extended relative to Shift-ingoing HIGH. This same 
type of problem is also related to TjRH, TORL and TORH as 
related to Shift-Out. Data outputs driving a bus should be limited 
to 10 MHz frequency. For high-speed applications, proper 
grounding technique is essential. 


<p 


ao 


(= AXA 


tiRH —~ 


Figure 1. input Timing 


(40 ns} 28.6 ns —————___—-» | <—_____________ (40 ns) 28.6 ns -———-__—-——___» 


SHIFT IN = 1] pj —— ee — ——- t 

INPUT READY 

INPUT DATA 

tips 
SHIFT IN (18 ns)___, 
E 10 ns Me) 
(14 ns) 

INPUT READY (12 ns) sane 


12 ns 


se AXED 


@ 


Figure 2. Typical Waveforms for 35 MHz Shift-In Data Rate (67413A) 


SHIFT IN 


INPUT READY 


wouroare TOINY DAOTORITONI OOO OTRO OORIOOOOD 


Figure 3. The Mechanism of Shifting Data into the FIFO 


qd) ‘Input Ready HIGH indicates space is available and a Shift-In pulse may be applied. 
(2) Input Data is loaded into the first word. The Data from the first word is released for “fall-through” to second word. 


@) Input Ready goes LOW indicating the first word is full. 


@) Shift-In going LOW allows Input Ready to sense the status of first word. The first word is now empty as indicated by Input Ready HIGH. 
5. If the second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready remains low. 
Note: Shift-in pulses applied while input Ready is LOW will be ignored (See Figure 5). ; 
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SHIFT OUT 
| 
SHIFT IN 
és J 
INPUT READY Q tpT coy Brea | w « Pecans 
INPUT DATA INA 


Figure 4. Datais Shifted in Whenever Shift In and Input Ready are Both HIGH 


FIFO is initially full. 
Shift Out pulse is applied. An empty location starts “bubbling” to the front. 


Shift In is held HIGH 


Seo © 


As soon as Input Ready becomes HIGH the Input Data is loaded into the first word. 


+_________I/fout —_> _-—____ |/fout —————- 
SHIFT OUT tSOH ee Seer o 
<—tORH 


OUTPUT READY tonp>|  |<torL 


+ —+t 
eS ops 
VV ‘AY 
cumown [sme OD (I 
WAY ava 
mes | | 
Figure 5. Output Timing 


QQ) The diagram assumes that at this time, words 63, 62 and 61 are loaded with A, B and C Data, respectively. 


(2) Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e. OR and SO are both high together. 


(40 ns) 28.6 ne —$£$___—_»|<___ (40. ns) 28.6 ns —=——___—» 


SHIFT OUT 
OUTPUT READY | 
(26 ns) 
OUTPUT DATA | A-DATA (KX) | B-DATA (iy) | C-DATA 


No ® | | 


Figure 6. Typical Waveforms for 35 MHz Shift-Out Data Rate (67413A) 


q) The diagram assumes that at this time words 63, 62 and 61 are loaded with A, B and C Data, respectively. 


@) Data in the first crosshatched region may be Aor B Data. 
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SHIFT OUT 


OUTPUT READY 


OUTPUT DATA B-DATA 


Figure 7. The Mechanism of Shifting Data Out of the FIFO 


Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 


Shift-Out goes HIGH causing the contents of word 62 (B-Data) to be released for fall-through to word 63. 
Output data remains as valid A-Data while Shift-Out is HIGH. 


Output Ready goes LOW. 
Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 


OOo 20 


If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data becomes invalid. 


SHIFT IN 


SHIFT OUT 


tpT 
OUTPUT READY 
tOPH 


Figure 8. tpy and top, Specification 


(1) FIFO initially empty. 


SHIFT OUT 


TITIITITISTITITIATA TATA TA 
OUTPUT READY IPs TIT111IISISSSTS TA 


curruroxr CTTTARTOTOTO OOO 


Figure 9. Data is Shifted Out Whenever Shift Out and Output Ready are Both HIGH 
Word 63is empty. 
Output Ready goes HIGH indicating arrival of the new data. 
New data (A) arrives at the outputs (word 63). 
Since Shift Out is held HIGH, Output Ready goes immediately LOW, 


As soon as Shift Out goes LOW the Output Data is subject to change. Output Ready will go HIGH or LOW depending on whether there are any additional upstream 
words in the FIFO. 


Soo © © 
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MASTER RESET 
tMRW 
INPUT READY 


tmRIRH ————> 


OUTPUT READY 


tMRORL—> 16 scien 


SHIFT IN 


DATA OUTPUTS 


tMRO—> 


Figure 10. Master Reset Timing 


C1) FIFOis partially full. 


SHIFT OUT 
Rm nn nn ne 
<—itson—> 
ALMOST FULL/EMPTY 
+ taeHn——> <tsin> 
—<——§—-—taeEL 


SHIFT IN 


Figure 11. tacH, tae, Specifications 


(1) FIFO contains 9 words (one more than almost empty). 


SHIFT IN CC 
SIH 
ALMOST FULL/EMPTY 
tAFL 


SHIFT OUT 


a ern el 


Figure 12. tary, tag, Specifications 


@) FIFO contains 55 words (one short of almost full) 
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SHIFT IN 


tsiq> 


HALF FULL 
}/*+——tHFH <—'SOH 


SHIFT Be kein chee cians Ss eee 


tHe, -—————-—_—-—___> 


Figure 13. tue, tyr} Specifications 


©) FIFO contains 31 words (one short of half full). 


OUTPUT 
ENABLE 


COMPOSITE 
INPUT COMPOSITE 
READY OUTPUT 

READY 
SHIFT IN 
MASTER RESET 


Figure 14. 64x15 FIFO with 67413A/67413 


FIFOs are expandable in width. However, in forming wider words two external gates are required to generate composite Input and Output Ready flags. This requirement is due 
to the different fall through times of the FIFOs. 


67413A/67413 2-123 


8-BITS 


Figure 15. Application for 67413A “Slow and Steady Rate to Fast ‘Blocked Rate’ ” 


Note: Cascading the FIFO’s in word width is done by ANDing the IR and OR as shown in Figure 14. 


Three-State Test Load 
Vcc 
R1 
TEST POINT* 
$1 
(SEE 
OUTPUT NOTE B) 
CL 
5 pF R2 
{ ; 
Design Test Load 
OUTPUT Ec 
CONTROL 
(LOW-LEVEL 
ENABLING) OV 
$1 AND 
$2 CLOSED 

WAVEFORM 1 $1 CLOSED 1.5V 
(SEE NOTE 2) S2 OPEN 0.5V 

Voi 

tpZH | 

VOH 
WAVEFORM 2 $1 OPEN OSV 
(SEE NOTE 2) $2 CLOSED oe 

$1 AND 
$2 CLOSED 


Enable and Disable 


Notes: A. All diodes are 1N916 or 1N3064. 

B. Waveform 1 is for an output with internal conditions such that the 
output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the 
output is high except when disabled by the output control. 

C. In the examples above, the phase relationships between inputs 
and outputs have been chosen arbitrarily. 

D. When measuring propagation delay times of three-state outputs, 
switches S1 and S2 are closed. 
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Advance Information 


Am4601 


Programmable-Flags, 512 x 9 FIFO 


DISTINCTIVE CHARACTERISTICS 


Two programmable flags; programmable from 
1 to 511 in increments of one 


Full and empty flags 
45nSec read and write cycle-time 
CMOS part with TTL-compatible I/O 


RAM-based architecture; short fallthrough 
time delays 


BLOCK DIAGRAM 


Write Regs 
Prog 


Regs 
cD = 


Do-Ds = 


‘ Write Read . 
¢ Pointer Pointer # 
x RAM s 
: Array # 


cl 


Advanced 
Micro 
Devices 


Programmable polarity for all the flags 


Identical Data, WR, RD pinout as standard 
Am7201 FIFO 


28 Pin, 300 mil plastic dip 
32 pin, PLCC 


Full Flag 
Empty Flag 


Prog. Flag 0 
Flags and Pointers 


Generator Prog. Flag 1 


Q0-Q8 


11684-001A 


Publication # 11684 Rev. A AmendmenvO 


Issue Date: February, 1989 
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GENERAL DESCRIPTION 


The Am4601 is a RAM-based CMOS register program- 
mable FIFO (PFIFO) that is 512 words deep with 9-bit 
wide words. It is expandable to create wider words. 


This programmable FIFO (PFIFO) can accept data and 
output data asynchronously and simultaneously at data 
rates from 0 to 22 MHz. Status flags are provided to sig- 
nify empty and full, plus two programmable flags which 
can be programmed from 1 to 511 words in increments 


CONNECTION DIAGRAM 


of one. Programmable polarity is available for all flags. 
Programmable depth is supported for applications re- 
quiring a programmable digital delay line. 


The PFIFO is useful in a wide range of applications. The 
ability to buffer large transfers of data and the rate adap- 
tion capabilities make the Am4601 useful in communi- 
cation, image processing, mass storage, DSP and 
printing systems. 


DIP 


Programmable 
FIFO 
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11684—002A 


Am4601 


FUNCTIONAL DESCRIPTION 


The Am4601 is a512 x 9 RAM-based, CMOS Program- 
mable FIFO (PFIFO) designed with three programma- 
ble features. (See block diagram.) The RAM-based 
PFIFO stores the data written into them in a sequencial 
pattern. 


The PFIFO offers two operational modes. The first 
mode resembles its counterpart Am7201, a standard, 
asynchronous 512 x 9 FIFO. The second is a program- 
ming mode, where two flags, the word depth and flag po- 
larities can be register programmed to allow the system 
designer to optimize the system performance. The op- 
erational mode is determined by the use of the Com- 
mand/Data (C/D) input pin. 


The RAM array has dedicated write and read address 
pointers. The Empty Flag prevents reading while empty, 
a data underflow condition. While the Full Flag prevents 
writing while full, a data overflow condition. 


ABSOLUTE MAXIMUM RATINGS 


Supply voltage, VCC -0.5 V to +7.0V 
Input voltage -0.5to VCC +0.5V 
Operating temperature 0° C to +70° C 
Storage temperature -55° C to +150° C 
Power dissipation 1.0W 

D.C. output current 50 mA 


Note: Stresses greater than those listed under "Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only, and functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for 
extended periods of time may affect reliablity. 


In the programming mode, input data is written into a 
group of registers whose contents control the three pro- 
gramming features. Two dedicated programmable flags 
can be set at any location from 1 to 511, in increments of 
one. These two flags could, for example, be used to indi- 
cate Almost Empty or Almost Full conditions. The polar- 
ity of all flags (two programmable flags, Empty and Full 
flags) can be independently programmed to be active— 
low or active-high. The FIFO depth can also be pro- 
grammed, in conjuction with the programmable flags to 
any depth of less than 512 words deep. The program- 
ming registers are only accessible if the FIFO is empty. 


The Master Reset (RS) sets the FIFO to Empty. The RS 
will reset the write and read pointers and the registers’ 
pointer to address zero. All of the control bits in the reg- 
ister will reset to a default value. After RS the user may 
write data to the FIFO while the registers are in their de- 
fault values or program the registers before writing data. 


OPERATING RANGES 


Commercial Devices 
Ambient Temperature (Ta) 
Supply voltage (Vcc) 


0 to +75° C 
+45 to +5.5V 


Am4601 
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Serializing First-In First-Out 
(FIFO) 64 x 8/9 Memory 


Features/ Benefits 

e High-speed 28-MHz serial shift-in/shift-out rate 
10-MHz parallel shift-in/shift-out rate 
Three-state outputs with Hi-current drive 


Cascadable at parallel port only 


Half-full flag (32 or more) 


e Selectable 64x8 or 64x9 FIFO configuration thus providing 
“frame mark bit” 


Typical Applications 
e LAN equipment 

e Data communication 

e Office automation 


Microcomputers 


Minicomputers 
e Disk/tape controllers 


Description 


The 67417 is aserializing/deserializing FIFO. This FIFO, the first 
one of its type in the industry, is organized 64 words x 8/9 bits 
wide. Like traditional Monolithic Memories’ FIFOs it is cascada- 
ble, but only at the parallel port. 


Pin Configuration 


PDIR | 1 | 
MR | 2. 
SID | 3 | 
Sis | 4| 
SIR [5] 
WL | 6 | 
HF 

SOD | 8 | 

SOS [9 | 

SOR f10) 

POE 


GND #12! 
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Ordering Information 


Part 
Number Package Temp | Description 
epo24 | com | 64xe/9 


In addition, the device has the ability to connect directly to a 
system bus. These features make it a complete “sub-system on a 
chip.” 
The FIFO basically has three modes of operation; 

1. Serial in to parallel out 

2. Parallel in to serial out 


3. Serial in to serial out (requires non-standard logic level 
on PDIR). 


In the first mode, serial data can be accepted at up to 28 Miiz and 
the FIFO outputs parallel data at up to 10 MHz. Similarly, in the 
alternate mode parallel data can be transformed into serial data. 
Please refer to appendix for detailed description. 


Pin Names 


VCC 
G 


| PO-PB | 
Ps ow 
Bane | 
| POE | 
SID 
sis 
ime 
| SOD _| 
SOs _ 
SOR 
/PDIR 
Ea 
MR 
He 
GND 


Issue Date: May 1988 


Block Diagram 


SERIAL INPUT SHIFT (SiS) —————- 
SERIAL INPUT READY (SIR) 
SERIAL INPUT DATA (SID) ————_> 


SERIAL INPUT 
CONTROL LOGIC 


~<————— PARALLEL SHIFT (PS) 


PARALLEL READY (PR) 
PARALLEL DATA PORT céurnel. HALF FULL FLAG (HF) 
(PO-P8) LoGic |“ PARALLEL DIRECTION (PDIR) 
MASTER RESET (MR) 
PARALLEL WORD LENGTH (WL) 
OUTPUT ENABLE 
(POE) 


SERIAL OUTPUT DATA (SOD) 
SERIAL OUTPUT SHIFT (SOS) 
SERIAL OUTPUT READY (SOR) 


SERIAL OUTPUT 
CONTROL LOGIC 


67417 2-129 


Absolute Maximum Ratings 


S187 ©) ¢)\Y2N'Z0)| (:(0 [J 9) @ nn -O0.5Vto7V 
ON Cancers Sea Paes SPAN tos wie Mere ON ob oes es eg ks ao ose ego 4 o4d PAE RUINS EPESIAS OS piu Cone Re -15Vto7V 
Seyi tee aL EIRENE 025. teakicchc dae b'y vb ovo 608-5 WR DS ob a 008 o 6) cig acne awe Sb tees ols Oe Spi RMS BL CUE Bas Meee y's -0.5V to 5.5 V 
IG TOOT vc. Eds bY NG os ns Sach 8 web 0 own pe 15 EME bs bagi oo 2 pe LEA TEDOOEUREE LES OIRETS Fm» -65° to +150°C 
Operating Conditions 


: 
Tr 


COMMERCIAL 
SYMBOL PARAMETER MIN TYP 


Voltage 4.75 5 5.25 
Operating free-air temperature 0 75 


tsIDH Serial Input Data Hold time 1 
to Seria! Output Shift f 
a E 


WL . 
z 
tppiIRSH| Parallel direction transition to Shift HIGH 14 


1 [alae lela |sl< 
N 


1 


© 


es A hase or el ee an tS 
a;n & | M |] & 


w 


ie) WO] 

on oO; oO 
— 
=) 


alk 
w 


30 


i a 
N N 


12/13 40 


tMRW 
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Switching Characteristics Over Operating Conditions 


PARAMETER 


SERIAL INPUT PARAMETERS 
tsIRL Serial Input Shift t to Serial Input Ready LOW 
tsIHFH Serial Input Shift | to Half-Full Flag HIGH 
SERIAL OUTPUT PARAMETERS ee 
tsORL Serial Output Shift t to Serial Output Ready LOW See Se 
Serial Output Shift f to Serial Output data ee 
toDRH Serial Output Data valid to Serial Output Ready HIGH eae Se 


SYMBOL 


COMMERCIAL 
MIN EYP. MAX 


= 
n” 


” 


5 


EUS 
” 


ho 
” 


a £ 
= 


“OTHER PARAMETERS 
tpt Fall-through time 10/11/16/17 


30 


Seas 
eotee 
ee 
eee 
[Parallel Output Ready pulse HIGH | 10 
[WasiorResst ito Dataoulow | 
'MRSIRL 
Bo 


tmRPRL | Master Reset | to Parallel Ready LOW 12/13 


ae 
mee 


a) 
i 


a 
ee 
ae 
ae 
ie 
=e 
eure 
a 
ane 


tppiRPz | Parallel Direction change to Parallel Output data Hi-Z 
tppirsz | Parallel Direction changes to Serial Output-data Hi-Z 


tpzx Output enable time POE to P0-8 sae a 


tpxz Output disable time POE to P0-8 


ok 
on 
w a etl (ownk th" on ) meat Wh 
& oO oO wlwl]r w ros) wl oa 


7 
7 

/8 
11 
10 
12 
32 
13 
14 
14 
14 
14 
15 


. 
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Electrical Characteristics Over Operating Conditions 


COM 
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 


a | “ee only 
Tu | Mexmuminpwtcurent _[vog=max] wi=ssvSSSSS*dSSSCSCit 
Aiomerouputsjoc-@ma (| ~~ 

0 


Data Outputs 


PO-P8, SOD 


> y= 
a; on 


mA 

mA 
V 

m 


lz Off-state SOD : Vo = 0.4V 
x p Voc = MAX mt 
lz output current 0 to P8 Vo =2.4V 100! m 
V 


over voltage 


* Not more than one output should be shorted at a time and duration of the short circuit not exceed one second. 
t This is an absolute voltage with respect to device GND (pin 12) and includes all overshoots due to test equipment. 


5 


Test Waveforms 


ie, 


1.5V 
2.8 V 


50 pF T ‘1.1K 
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icc VS Temperature 


NORMALIZED Iog 


AMBIENT TEMPERATURE °C 
Definition of Waveforms 


SERIAL OUTPUT SHIFT 
(SOS) 
OR 
PARALLEL SHIFT OUT \ 
PS(O) 


2) 


SERIAL INPUT READY 
+ 1tgy —_> 


(SIR) a) 
tsIRHS tSiSH tsisL ——> 

SERIAL INPUT SHIFT 6 

(SiS) 
SERIAL INPUT DATA KAKAAAAAAAAAMAY eee 

(sD) AY 

tsips ~<——__-»}-—'sIDH 
WORD LENGTH eae. 
(WL) 
tswL <$—$ > |< > tHWL 
® FIFO is tull. 


@ Shift-out (serial or parallel) is asserted, SIR goes High. 
@ SIS can be asserted tsjRys after serial input ready changes from low-to-high. 


Figure 1. Serial input Timing 


SERIAL INPUT READY @ 
(SIR) 


<tsiRL 
SERIAL INPUT SHIFT 
(SIS) 


@) FIFO is not full. 
@ FIFO is full 


Figure 2. FIFO Full Specification (tsjRL) 
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Definition of Waveforms (cont’d) 


PARALLEL/SERIAL 
INPUT SHIFT 
PS(I)/SIS 


SERIAL OUTPUT READY 
(SOR) 


SERIAL OUTPUT SHIFT 
(SOS) 


WORD LENGTH 
(WL) 


SERIAL OUTPUT DATA 
(SOD) 


@ FIFO is empty, output ready remains Low and shift-out cannot be applied. 
@ After a word is shifted in, output ready goes High and shift-out can be applied. 
@ The first serial bit is PO. 


Figure 3. Serial Output Timing 


SERIAL OUTPUT SHIFT 


(SOS) 


SERIAL OUTPUT READY 
(SOR) 


@ After the last shift-out, output ready goes Low indicating FIFO is empty. 


Figure 4. FIFO Empty Specifications (tsORL) , 
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Definition of Waveforms (cont’d) 


PARALLEL SHIFT (IN) 
(PS(I)) 


PARALLEL DATA 
(Po.g) 


PARALLEL READY (INPUT) 
PR(I) 


NOTE: Ppjpr = High for the mode parallel-in to serial-out. Parallel ready is an output flag from the FIFO indicating that a word can be loaded into the FIFO 


@ FIFO is not full and ready for input. 


@ PS (In) is asserted, shifting in parallel data PO-8. 
PR (In) goes Low indicating parallel port is in use and no longer ready. 
PR (In) will remain Low as long as PS (In) remains High. 
@® PS (In) has gone Low, allowing recent word to propagate through FIFO, PR (In) returns High when ready for more input. 


Figure 5. Parallel Input Shift Timing 


PARALLEL SHIFT (INPUT) © 
(PS(I)) 
~—— 'PSHFH — = 
HALF FULL 


(HF) 


@ for Ppjp = High, the direction is parallel-in to serial-out. After the 32nd shift-in, the half-full 
flag is set to High, and remains High, indicating the presence of 32 or more words. 


Figure 6. Half-full Flag Specifications on Parallel (tpgyFy) 


SERIAL INPUT SHIFT 
(SIS) 


+ ts]HFH ——~ 


HALF FULL FLAG 
(HF) 


SERIAL OUTPUT SHIFT 
(SOS) 


@) When there are 31 words in the FIFO, the next shift-in on the 32nd word sets the 
half-full flag (HF) High indicating that there are 32 or more words. 


@ As soonas one word is partially shifted out, HF goes Low indicating there are 
less than 32 words. 


Figure 7. Half-full Flag Specification on Serial Operation (tgjyeyH, tsoHFL) 
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Definition of Waveforms (cont’d) 


PARALLEL SHIFT (OUTPUT) 
(PS(O)) 


PARALLEL DATA 
(Pog) 


PARALLEL READY (OUTPUT) 
(PR(O)) 


tPSPRL 


NOTE: For above conditions Pp)p = Low indicating that the direction is from serial-in to parallel-out. 
Thus parallel ready indicates the output status. 


@ FIFO is not empty and at least one word is valid and ready at PO-8 outputs. 


@ PS (Out) is asserted, shifting out parallel data. Data remains valid, but: 
PR (Out) goes Low to indicate parallel port is in use and no longer ready. 
PR (Out) will remain Low as long as PS (Out) remains High. 

@® PS (Out) has gone Low, allowing data word to be shifted out. Next data word appears at output and 
PR (Out) is asserted to indicate valid data ready. 


Figure 8. Serial-in to Parallel-out Specifications (tpop, tpopH: topy) 


PARALLEL SHIFT (OUTPUT) 
(PS(O)) © 


see nnnn GR, oe 


HALF FULL FLAG 
(HF) 


NOTE: For Ppjp = Low the direction is serial-in to parallel-out. 


@ When a word is shifted out and the half-full flag goes Low, 
31 words or less are in the FIFO. 


Figure 9. Half-full Flag Specification on Parallel Shift-out (tpgpjF1) 


BIT 8/BIT 9(DEPENDING UPON WORD LENGTH) 


XY G,}, ] ]]] ]])©{E 


SERIAL INPUT SHIFT 
(SIS) 


PARALLEL SHIFT (OUTPUT) 
(PS(O)) 


PARALLEL READY (OUTPUT) 
(PR(O)) © 
re a emer tet enter ate mame eect — oe ee ee 6 ee ee ew ow a = 


BECOMES VALID IF 
NOT EMPTY 


NOTE: Pp jp = Low indicating serial-in to parallel-out. 
©® FIFO initially empty. 
@ PS (Out) held High. 


Figure 10. tpspry, tpt. tpopH Specifications (Serial Input Mode) 
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Definition of Waveforms (cont’d) 


BITO BIT 1 


SERIAL OUTPUT (SHIFT) 
(SOS) 


BECOMES VALID IF 
NOT FULL 


PARALLEL READY (INPUT) 
(PR(1)) oO) 


PARALLEL SHIFT (IN) 
(PS(!)) 


NOTE: Ppp = High (parallel-in to serial-out). 
@ FIFO is full. 
@ PS (|) held High. 


Figure 11. Fall-through Specifications 


MASTER RESET 
(MR) 


SERIAL INPUT READY 
(SIR) 


PARALLEL READY (OUTPUT) 
(PR(O)) 


HALF FULL 
(HF) 


DATA OUTPUTS 


|-——'mro———+| 


NOTE: Ppjp = Low. 
@ PR (O) and HF go Low. 
@ After MR goes High, SIR goes High. 


Figure 12. Master Reset Timing Serial-in to Parallel-out 
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Definition of Waveforms (cont’d) 


MASTER RESET 
(MR) 


tMRSORL 


SERIAL OUTPUT READY 
(SOR) 


PARALLEL READY (INPUT) 
(PR(I)) 


HALF FULL 
(HF) 


NOTE: Ppjpr = High. 
@ SOR and HF go Low. 
@ Affter MR goes High, PR(I) goes High. 


Figure 13. Master Reset Timing (Parallel-in to Serial-out) 


SERIAL INPUT SHIFT (SIS) 
SERIAL OUTPUT SHIFT (SOS) 
PARALLEL SHIFT IN/OUT (PS) 


<—_——-tppirs_L ———>|<———_ pp irnsH ———> 


PARALLEL PORT DIRECTION (PDIR) 


PARALLEL I/O READY (PR) 
SERIAL INPUT READY (SIR) 
SERIAL OUTPUT READY (SOR) 


PARALLEL DATA INPUT MODE 
(Po-Pg) . OR HI-Z 


SERIAL OUTPUT DATA 
(SOD) 


| tppiRSZ 


NOTE: When the FIFO is used as a stack, change the port direction before the FIFO is full; otherwise, data may be lost. 


Figure 14. Ppip Transition Parameters 


PARALLEL DATA 
(Po.g) 


PARALLEL OUTPUT ENABLE 
(POE) 


Figure 15. Parallel Port Enable and Disable Timing 


2-138 67417 


Definition of Waveforms (cont’d) 


PARALLEL SHIFT 
PS(I) 


<— tpt —» 


SERIAL OUTPUT READY 
(SOR) 


SERIAL INPUT SHIFT 
(SIS) 


(ee tO 


SERIAL OUTPUT READY 
(SOR) 


® FIFO empty 


Figure 16. tp7 Specification (Shift-in to Serial Output Ready) 


PARALLEL SHIFT OUT \ 
PS(O) 
(pT > 
SERIAL INPUT READY 
(SIR) 
SERIAL OUTPUT SHIFT 
(SOS) BIT 0 BIT 1 
tpT-> 


SERIAL INPUT READY 
(SIR) 


@ FIFO empty 


Figure 17. tp7 Specification (Shift-in to Serial Input Ready) 
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Appendix 
Detailed Functional / Description 
for 67417 


The 67417 is a serializing FIFO intended as a one-chip solution 
for data buffering and serializing/deserializing. It can be suc- 
cessfully used for interfacing parallel-format computing equip- 
ment to serial-format data communications and mass-memory 
equipment. The 67417 is a word-oriented device. It is meant to 
function with complete 8- or 9-bit words of data. 


SERIAL INPUT SHIFT (SIS) —————> 
SERIAL INPUT READY (SIR) 
SERIAL INPUT DATA (SID) 


PARALLEL PORT 


PARALLEL OUTPUT ENABLE (POE) 


SERIAL OUTPUT DATA (SOD) 
SERIAL OUTPUT SHIFT (SOS) —————> 
SERIAL OUTPUT READY (SOR) 


Basically the major internal subsystems of the 67417 are: 


(i) The serial input port 

(ii) The serial output port 

(iii) The parallel port 

(iv) The FIFO control logic and 
(v) The cell array 


Serial Port 


The two serial ports (input and output) are entirely separate 
which allows a high-speed data rate of 28 MHz. These serial 
ports do not share data pins, control pins, or internal circuits. 
However, since the serial output data is a three-state output, the 
serial data ports could be connected together in the normal 
serial-parallel operation mode with separate SOR and SIR status 
signals. 


The serial input port interface consists of the Serial Input Ready 
(SIR) output, Serial Input Data (SID) input, and the Serial Input 
Shift (SIS) clock input. Unlike the analogous SI and IR signals on 
the 67401/2, SIS and SIR do not accomplish a “handshake” with 
the rest of the logic of the system which incorporates the 67417; 
rather SIR is asserted whenever the 67417 is still capable of 
receiving at least one more bit. SIS is a positive edge-triggered 
input which sequences the serial input control logic. This logic 
in turn controls SIR and the 8/9-bit Input Staging Register (ISR). 


The serial output port interface is the dual of the above, with a 
Serial Output Data (SOD) output, a Serial Output Shift (SOS) 
clock input, and a Serial Output Ready (SOR) status output. 
SOR is asserted whenever at least one more bit is available at the 
output. SOS is a positive edge-triggered input which sequences 
the 8/9-bit Output Staging Register (OSR). Serial Output Data is 
automatically three-stated whenever the serial output port is 


SERIAL INPUT 
CONTROL LOGIC 


SERIAL OUTPUT 
CONTROL LOGIC 


Parallel Port 


This is a fully bidirectional port, and it operates at a more conser- 
vative data rate of 10 MHz. The input-staging register (ISR) 
internally controls the parallel input data port bus signals. Like- 
wise the OSR internally controls the parallel output data port. 
The ISR data outputs drive the parallel data inputs to the cell 
array, and the OSR inputs are likewise driven by the final parallel 
data stage of the cell array 


~<«———— PARALLEL SHIFT (PS) 
PARALLEL READY (PR) 

HALF FULL FLAG (HF) 
PARALLEL DIRECTION (PDIR) 
MASTER RESET (MR) 

WORD LENGTH (WL) 


FIFO 
CONTROL 
LOGIC 


ISR = INPUT STAGING REGISTER 
OSR = OUTPUT STAGING REGISTER 


disabled (during Master Reset) and PDIR = Low. The parallel 
port is controlled by Parallel Shift (PS) input and Parallel Direc- 
tion Input (PDIR). Parallel Ready (PR) is the handshake/status 
output. At the Parallel Port PS and PR do accomplish a hand- 
shake with the outside world as SI, IR, SO and OR on the 
67401/2. 


Modes of Operation 
There are three modes in which the 67417 can operate 


(i) Parallel-in to serial-out 
(ii) Serial-in to parallel-out and 
(iii) Serial-in to serial-out. 


In the parallel-in to serial-out mode, PDIR = HIGH. Thus Parallel 
Shift (PS) acts as a Shift In (SI) and similarly, Parallel Ready (PR) 
as Input Ready (IR). The first bit shifted out of the serial port will 
be bit 0 of the parallel word input. 


Similarly for serial-in to parallel-out mode, PDIR = LOW, and 
Parallel Shift (PS) acts as a Shift Out(SO) and Parallel Ready 
(PR) as Output Ready (OR). The first bit shifted into the serial 
port will be bit 0 of the parallel word output. 


If the direction mode for a particular application of the 67417 is 
not intended to change during system operation, the PDIR input 
should be strapped to a logic LOW or HGH. 


In the serial-in to serial-out mode, PDIR = 10 V minimum. 


The parallel port does not function during this mode and is 
three-stated. The direction operating mode should not be 
changed if the FIFO is FULL otherwise stored data will be lost. 


Cell Array 


The 67417 cell array can function either as a 64x8 FIFO (with the 
9th bit padded to a zero) or as a 64x9 FIFO, according to the 
setting of the word length (WL) control input. Like the PDIR 
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control input, WL can be switched at electronic speeds during 
system operations; but if the word length of a particular 67417 is 
never to change during system operation, WL for that part can 
be strapped to ground or Vcc. 


It is a permissible 67417 mode of operation to almost fill the FIFO 
(there should be at least two empty locations) with WL set to 
8-bit operation, then switch WL to 9-bit operation (WL = HIGH) 
to load one more word plus a frame marker in the last bit, and 
then switch PDIR and unload the 67417 in a 9-bit mode. This 
sequence of operations has the effect of providing a “frame 
marker bit” in the ninth bit of the last word loaded. The 
corresponding 9th bits will have been zeroed by the 67417 
internal logic for all the other words in the frame since they were 
loaded while the 67417 was operating as an 8-bit device. 


It is, however, the system designer’s responsibility to avoid 
changing PDIR inputs when only part of an 8- or 9-bit word has 
been received or transmitted. In general, if such a change 
occurs, the part in general will try to add zero bits to pad out the 
impacted word to assume full length. 


Half-Full Flag 


This status output indicates when the 67417 statically contains 
32 words or more. This provides an indication to send in more 
data if the device is operated in a mostly-empty mode or send 
out more data if the 67417 is operated in a mostly-full mode. 


Cascading 


The 67417 is designed to be cascaded at the parallel port only, 
due to very high data transfer rates at the serial ports. Cascading 
two 67417’s is accomplished by connecting Parallel Input/Out- 
put Ready (PR) of each part to control the Parallel Shift In/Out 
(PS) of the other part, with one FIFO in serial-in to parallel-out 
mode, and the other FIFO in parallel-in to serial-out mode. The 
combined effect of this is a reversible 128x8 or 128x9 serial-in 
serial-out FIFO. The 67417 can not be cascaded at the serial 
ports because SIR and SOR are not acknowledged signals but 
rather status signals only. 


Applications 
SIR SOR 
siD —> SOD 
sis ——»| 67417 a sos 
TRI-STATE 
PDIR = 10 V 
NOTE: Itcan shiftin data serially in the multiples of 8- or 9-bit according to WL. 
Figure 18. 512/576x1 Serial-in to Serial-out Mode 
FROM SERIAL 
DATA SOURCE | UNUSEO 
vcc 
(SIPO) (PISO) 
“STRAPPING” “STRAPPING” 
(9-BiT) (9-BIT) 


UNUSED | 


MASTER RESET 


* SIPO = 
** PISO = 


TO SERIAL 
DATA DESTINATION 


TO SYSTEM 
CONTROL LOGIC 


Serial-in to Parallel-out. 
Parallel-in to Serial-out. 


Figure 19. Cascading of Two ’S417s for Serial-in to Serial-out 
Operation as a 128x9 (1152x1) FIFO 
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SERIAL- 
OUTPUT 
DATA 


SERIAL 
OUTPUT 
READY 


SERIAL 
OUTPUT 
SHIFT 


Figure 20. An Example of an Expansion Scheme y 
for a 64x18 Parallel-to-Serial FIFO 


An 18-bit data word is multiplexed into the two 67401/2 FIFOs. 
Since the 67417 FIFO is cascadable at the parallel port only, two 


67401/2 FIFOs were used along with the 67417 to obtain the 
appropriate organization. 


SOR 


— SoD 
18-BIT O 
WORD 


PS 


WL = HIGH (9- BIT) 
PDIR = HIGH (PISO) 


SHIFT-OUT CLOCK 


Figure 21. Another Example of an Expansion Scheme for a 64x18 Parallel-in to Serial-out FIFO 
Two 67417 FIFOs Are Used to Implement a 64x18 Parallel-in to Serial-out FIFO 
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DEDICATED 67417 
MEMORY PROCESSOR FIFO 


67417 | | 
PROCESSOR | FIFO 
PISO1 
SIPO2 


DEDICATED 
MEMORY 


PMEMORY. [“—~LPROCESSOR 
Ta PROCESSOR 
SLAVE 
UNITS 


PISO1 
SIPO2 


PISO1 
SIPO2 
DIAGNOSTIC 
PROCESSOR 
DEDICATED PROCESSOR 67417 
MEMORY PROCESSOR FIFO 
28 MHz 
PISO1 
epo> 67417 DECISION 67401 MAIN 
mee) FIFO LOGIC FIFO PROCESSOR 


LINK SIPO1 
PISO2 


MAIN 
MEMORY 
MASTER 

UNIT 


NOTES: 
SIPO = Serial-in to Parallel-out mode 
PISO = Paraliei-in to Serial-out mode 


Figure 22. A Multiprocessing System 


Each processor unit on the left has its own communication 
interface which consists of a serializing FIFO. The serial data link 
can operate in either direction 1 or direction 2 which is decided 
by the Decision logic. In direction 1 either of the slave units send 
the data to the master over the serial link, with its respective 
67417 operating in parallel-in to serial-out mode (PISO1). While 


the 67417 for the master unit operates in serial-in to parallel-out 
mode (SIPO1). The direction 2 has the FIFOs (67417) operating 
in the reverse direction from the above case. Decision logic 
determines the priority of the slave processors to use the serial 
link. 
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674219 


FIFO RAM Controller 


Features / Benefits 

© High-speed, no fall-through time 

e Deep FIFOs—16-bit SRAM address 
¢ Arbitration read/write 

¢ Control signals for data latching 


e Full, Half-Full, Empty, Almost flags for 
buffer sizes from 512 to 64 K 


e Three-state outputs 


Applications 

e LAN equipment 

e Data communication 

e Disk/tape controllers 

e Host-to-dedicated-processor interface 


Pin Configuration 


ct 


Advanced 
Micro 
Devices 


Ordering Information 


Par 
Number | Pins | Type | Temperature 
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Description 


The 674219 FIFO RAM Controller provides addressing control, 
status, and arbitration for a static RAM array used as a First-In- 
First-Out (FIFO) buffer. The sixteen address lines can address a 
FIFO buffer area ranging from 512 to 65,536 static RAM words. 
Control signals including W (the write enable signal for the static 
RAMs), handshaking signals for the read and write ports, and 
strobes for external data latching. 


The 674219 allows single-port static RAMs to resolve read and 
write request conflicts according to priority rules selected via the 
Priority-on-Read (PR) and Priority-on-Write (PW) inputs. If 
priority is given to either port, or if only one port is used, the 
maximum data rate through that port is 10 MHz. 


Block Diagram 


Ww 

RRDY 
RREGCK 
WRDY 
WREGCK 


CONTROL 


16-BIT 
WRITE ADDRESS 
COUNTER 


ADDRESS 
MULTIPLEXER 
AND THREE- 

STATE DRIVERS 


16-BIT 
READ ADDRESS 
COUNTER 


FULL 
16-BIT FLAGS EMPTY 
STATUS DECODE AND 
COUNTER SELECT HF 
ALMOST 


BUFFER SIZE | 


SELECT (BF2-BF0) 


Publication # Rev. Amendment 
10685 A /0 
Issue Date: May 1988 


Definition of Terms 


LATCHED A request has been received by the 674219 on one 
of its ports. The request has been internally latched, but not 
sampled. 


SAMPLED The state of a latched request when it has been 
internally synchronized. 

PROCESSED A decision to perform a sampled request. 
PERFORMED When the processed request is executed as a 
memory cycle. 

PENDING REQUEST A sampled request that has been held 
until the FIFO completes its current operation(s). 

WRITE DATA PORT The register(s) where the system places 
the data that is to be written into the FIFO. 

READ DATAPORT The register(s) where the system reads the 
FIFO data. 

WRITE DATA REGISTER The register(s) which serves as the 
data input to the FIFO. 


READ DATA REGISTER The register(s) where the FIFO 
leaves the read data for the system to take. 


Architecture 


The 674219 FIFO RAM Controller, together with an array of 
static RAMs and two registers, comprises a First-In-First-Out 
(FIFO) memory. (See Figure 1.) 


BFO-BF2 FLAGS CLK 


WEN REN 
WREQ FIFO RAM RREQ 
WRDY CONTROLLER oa 


674219 


ADDRESS 


STATIC 
RAM 


WRITE DATA 


Figure 1. 57/674219 In and Implementation of a FIFO Buffer 


The 674219 provides addresses and control signals to the static 
RAMs, and interfaces with the system via a write port, a read 
port, and status flags. The 674219 includes three 16-bit counters: 
a write-address counter, a read-address counter, and a status 
counter. The status flags are generated as a function of the state 
of the status counter and the buffer length selected. The write 
port has a Write REQuest (WREQ) input, a Write ENable (WEN) 
input, and a Write ReaDY (WRDY) output. The read port has a 
Read REQuest (RREQ) input, a Read ENable (REN) input, anda 
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Read ReaDY (RRDY) output. Two priority-control inputs, Priority- 
on-Write (PW) and Priority-on-Read (PR), determine the priority 
rules by which the 674219 arbitrates between simultaneous read 
and write requests. The 674219 provides two clock signals 
(RREGCK, WREGCK) to the Read Data Register and the Write 
Data Register, as well as a Write signal (W) to be connected to 
the Write Enable (WE) inputs of the static RAMs. Sixteen address 
outputs provide the read and write addresses to the static RAMs. 
When both REN and WEN are HIGH, the address outputs go into 
high-impedance (Hi-Z) state, so that the static RAMs can be 
accessed externally. 


A Master Reset (MR) input allows initializing the part by clearing 
the three counters and presetting the flags. (See Table 1.) 


Table 1. Condition of Flags After Master Reset 


Pin Definitions 
Vcc 50V+10% 
GND Ground 


CLK CLOCK—Controls synchronous operation of the device. 
All requests are sampled internally on every other LOW-to- 
HIGH transition of the clock. These transitions are called 
sampling clock edges. The first sampling clock edge is the first 
LOW-to-HIGH transition of the clock after master reset. 


BF2-BFO BUFFERSIZECONTROLS—Determine the desired 
buffer size. (See Table 3.) Setting the buffer size is essential for 
correct operation of the status flags. 


MR MASTER RESET—Clears all counters when LOW. The 
first LOW-to-HIGH transition of the clock, following a LOW- 
going Master Reset pulse, is the first sampling clock edge; the 
first request to be serviced is a write request. (See Figure 7.) 


A15-A0 ADDRESS OUTPUTS—Three-state outputs which 
provide a read address when Wis HIGH, ora write address when 
Wis LOW. A15-A0are in the Hi-Z state only when both REN and 
WEN are HIGH. 


TEST An input used during manufacturing final test. For 
normal operation, TEST should be tied to GND. 


W_ WRITECONTROL—Used to control the SRAM arrays Write 


Enable pin and to output enable the write data register. 


WREQ WRITE REQUEST—A LOW-going pulse on this pin 


requests a write to the FIFO. A write request can only be latched 
if the write port is enabled (WEN is LOW), and the previous 
write request has been processed (WRDY is HIGH). 


RREQ READ REQUEST—A LOW-going pulse on this pin 
requests a read from the FIFO. A read request can only be 
latched if the read port is enabled (REN is LOW), and the 
previous read request has been processed (RRDY is HIGH). 
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WEN WRITE ENABLE—When this input is HIGH, all write 
requests are ignored. When WEN is LOW and WRDY is HIGH, a 
write request (WREQ = LOW-going pulse) will be latched by the 
674219. If both WEN and REN are HIGH, the address outputs 
A15-A0 go into the Hi-Z state, permitting external access to the 
SRAM array. 


REN READ ENABLE—When this input is HIGH, all read 
requests are ignored. When REN is LOW and RRDY is HIGH, a 
read request (RREQ = LOW-going pulse) will be latched by the 
674219. If both WEN and REN are HIGH, the address outputs 
A15-A0 go into the Hi-Z state, permitting external access to the 
SRAM array. 


PW,PR WRITE PRIORITY and READ PRIORITY—These two 
inputs determine the rules governing the arbitration between 
write and read requests. (See Table 2.) These inputs must not 
both be HIGH simultaneously. 


WRDY WRITE READY—When this output is HIGH, and WEN 
is LOW, a write request may be sent to the WREQ pin. 


WRDY goes LOW on the sampling clock edge which samples 
the write request. WRDY will go HIGH on the non-sampling 
clock edge which starts the write cycle. WRDY will stay LOW if 
the FIFO is full. . 

Write requests should be made only when WRDY is HIGH. 


RRDY READ READY—Whern this output is HIGH, and REN is 
LOW, a read request may be sent to the RREQ pin. 

RRDY goes LOW on the sampling clock edge which samples the 
read request. RRDY will go HIGH on the non-sampling clock 
edge which starts the read cycle. RRDY will stay LOW if the FIFO 
is empty. 

Read requests should be made only when RRDY is HIGH. 


WREGCK WRITEREGISTER CLOCK—This output is used to 
clock the write data register. 

RREGCK READ REGISTER CLOCK—This output is used to 
clock the read data register. 

EMPTY EMPTY FLAG—When HIGH, indicates that the FIFO 
is empty. Read requests are not permitted when the FIFO is 
EMPTY. 

FULL FULL FLAG—When HIGH, indicates that the FIFO is 
full. Write requests are not permitted when the FIFO is FULL. 
HF HALF-FULL FLAG—When HIGH, indicates that the FIFO 
has half, or more, of its locations occupied. 


ALMOST ALMOST FLAG—When HIGH, indicates that one of 
the following conditions exists: 


1. The FIFO is almost empty (less than sixteen words in the 
FIFO), if ALMOST is HIGH and HF is LOW. 


2. The FIFO is almost full (sixteen or less locations are 
available) if ALMOST is HIGH and HF is HIGH. 


Requests, Arbitration and Data Capture 


A clock, supplied via the CLK input of the 57/674219, generates 
the internal sequence of events which constitutes a single FIFO 
operation. The read and write ports recognize and latch read 
and write requests asynchronously, provided that the respective 
enable (REN or WEN) is LOW, and the request window setup 
time is observed. 


Stage 1 A write request is sent to the 674219 by a LOW- 
going pulse on the WREQ pin. 


Stage 2 The write request is latched internally, asynchronous 
to the clock. 


Stage 3 WRDY goes LOW on the sampling clock edge that 
latched the request to indicate to the system that the request has 
been latched and synchronized internally. WRDY also indicates 
to the system that the write port is no longer accepting write 
requests. In order to guarantee that a request is properly 
synchronized, the request must not occur during the window 
stated by the tWRQC specifications. 


Stage 4a Regardless of whether the write cycle is started or 
not, WREGCK will go HIGH for one clock cycle on the non- 
sampling clock edge that follows WRDY going LOW. The 
transition from LOW-to-HIGH on the WREGCK pin clocks data 
into the write data port, reading the data for writing to the SRAM. 


Stage 4b A decision to wait, or to perform the write cycle is 
made based on the following: 


Case1_ |fread priority is set, the 674219 will process all pending 
read requests first. The write cycle will be delayed until all of the 
read cycles have been performed. Then, and only then, will the 
pending write cycle be performed. 


Case 2 If write priority is set, regardless if there is a pending 
read request or not, the write cycle will start on the next non- 
sampling clock edge that follows WRDY going LOW. If there was 
a pending read request, the read cycle will not be started until 
the write cycle has been completed. 


Case 3 If no priority is set, and there is no pending read 
request, the FRC will start the write cycle on the next non- 
sampling clock edge that follows WRDY going LOW. 


Case4_ Ifnopriority is set, and there are simultaneous requests 
(i.e., a read request and a write request have both been latched 
before the same sampling clock edge), the FIFO will decide 
which is to be processed first according to the following: 


If the last case of simultaneous requests (with no priority) 
performed a read cycle first, the write request will be pro- 
cessed first, followed by the read request. 


lf the last case of simultaneous requests (with no priority) 
performed a write cycle first, the read request will be pro- 
cessed first, followed by the write request. 


SAMPLING 
4b 
CLK 
1,2 3 «MEMORY CYCLE>| 
acne = ee 
WREQ 


4a 
WREGCK 4 \ 
— 6 
Ww . ~S 


Figure 2. The Stages of a FIFO Write Operation 


The FIFO write operation is as follows (see Figure 2): 
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Stage 5 WRDY will go HIGH on the non-sampling edge that 
starts the write cycle. 


Stage 6 Once a request has been granted, the memory cycle 
takes place over two clock cycles, starting with the non- 
sampling clock edge on which the request is granted (WRDY 
going from LOW-to-HIGH). The Write line (W) goes LOW at 
tCWL after the clock edge starting the memory cycle and stays 
low until tCWH after the clock edge terminating the memory 
cycle. 


The FIFO read operation is as follows (see Figure 3): 


Stage 1 A read request is sent to the 674219 by a LOW- 
going pulse on the RREQ pin. 


Stage 2. The read request is latched internally, asynchronous 
to the clock. 


Stage 3 RRDY goes LOW on the sampling clock edge that 
latched the request to indicate to the system that the request has 
been latched and synchronized internally. RRDY also indicates 
to the system that the read port is no longer accepting read 
requests. In order to guarantee that a request is properly 
synchronized, the request must not occur during the window 
stated by the tRRQC specifications. 


Stage4 Adecision to wait, or to perform the read cycle is made 
based on the following: 


Case 1 If write priority is set, the 674219 will process all pend- 
ing write requests first. The read cycle will be delayed until all of 
the write cycles have been performed. Then, and only then, will 
the pending read cycle be performed. 


Case 2 If read priority is set, regardless if there is a pending 
write request or not, the read cycle will start on the next non- 
sampling clock edge that follows RRDY going LOW. If there was 
a pending write request, the write cycle will not be started until 
the read cycle has been completed. 


Case 3 If no priority is set, and there is no pending write 
request, the FRC will start the read cycle on the next non- 
sampling clock edge that follows RRDY going LOW. 


Case4_ Ifnopriority is set, and there are simultaneous requests 
(i.e., a read request and a write request have both been latched 
before the same sampling clock edge), the FIFO will decide 
which is to be processed first according to the following: 


1. If the last case of simultaneous requests (with no priority) 
performed a read cycle first, the write request will be 
processed first, followed by the read request. 


2. If the last case of simultaneous requests (with no priority) 
performed a write cycle first, the read request will be 
processed first, followed by the write request. 


Stage 5 RRDY will go HIGH on the non-sampling edge that 
starts the write cycle. 


Stage 6 Once a request has been granted, the memory cycle 
takes place over two clock cycles, starting with the non- 
sampling clock edge on which the request is granted (RRDY 
going from LOW-to-HIGH). Read REGister Clock (RREGCK) 
goes LOW for one clock cycle, starting with the sampling edge 
that occurred within the read memory cycle. RREGCK clocks 
data from the SRAM array to the read data port on the LOW-to- 
HIGH transition, which terminates the read cycle. 
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Figure 3. The Stages of a FIFO Read Operation 


Priority 


Two input signals, Priority-on Read (PR) and Priority -on-Write 
(PW), determine the arbitration rule which sequences the read 
and write cycles, for various cases as follows: (see Table 2): 


a 
Cr | 
er 
ee 


Table 2. Priority Encoding 


No-Priority Case 


If no priority is selected (PR = PW = LOW), each request is 
processed in the order it came into the FRC. 


Ifno priority is set and both a read and write request are latched 
before the same sampling clock edge, the 674219 will perform 
read and write cycles alternately. (See Figure 4.) 


Write Priority Case 


If write priority is selected (PR = LOW, PW = HIGH) write 
requests are always processed before read requests (assuming 
that the requests meet the setup time). 


If write priority is set and both a read and write request are 
latched before the same sampling clock edge, (i.¢., a simultan- 
eous request), the write cycle will take place first. If, before the 
next sampling clock edge, another write request is latched, 
another write cycle will take place, and the pending read request 
will not be processed. Only when the sampling clock edge 
encounters no further write requests will the pending read 
request be processed. At this time the read cycle will start and 
the RRDY output will go HIGH. (See Figure 5.) 
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Figure 4. Operation With No Priority 
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Figure 5. Operation With Write Priority 
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Read Priority Case 


If read priority is selected (PR = HIGH, PW = LOW) read requests 
are always processed before write requests assuming that the 
requests meet the setup time). 


lf read priority is set and both a read and write request are 
latched before the same sampling clock edge, (i.e., a simultan- 
eous request), the read cycle will take place first. If, before the 
next sampling clock edge, another read request is latched, 
another read cycle will take place and the pending write request 
will not be processed. Only when the sampling clock edge 
encounters no further read requests will the pending write 
requests be processed. At this time, the write cycle will start and 
the WRDY output will go HIGH. (See Figure 6.) 
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Figure 6. Operation With Read Priority 
Buffer Length 


A three-bit input control field, BF2-0, selects the buffer length 
(“depth”) of the FIFO. Any power of 2 from 512 to 65,536 may be 
chosen as the buffer length. (See Table 3.) 


Table 3. Buffer Length 


674219 


Status Flags 


The flags are generated as a function of the buffer length, 
selected via inputs BF2-BFO, and the state of the status counter. 
The status flags are: 


EMPTY When HIGH, the EMPTY flag indicates that the FIFO is 
empty. The EMPTY flag goes HIGH on the first sampling clock 
edge during the memory cycle which empties out the FIFO. 


FULL WhenHIGH, the FULL flag indicates that the FIFO is full, 
and no more data can be written into it until a read cycle takes 
place. The FULL flag goes HIGH on the first sampling clock 
edge during the memory write cycle which fills up the FIFO. 


HF When HIGH, the Half-Full flag indicates that the FIFO is 
filled to half its depth, or more. 


ALMOST WhenHIGH, the ALMOST flag indicates that one of 
the following conditions exists: 


1. The FIFO is almost empty (less than sixteen words in the 
FIFO), if ALMOST is HIGH and HF is LOW. 


2. The FIFO is almost full (sixteen or less locations are 
available) if ALMOST is HIGH and HF is HIGH. 


The flags Master Reset to the states shown in Table 1. 


First Write Cycle (After a Master Reset 
or When FIFO is Empty) 


The first LOW-to-HIGH clock edge, following Master Reset (MR) 
going LOW-to-HIGH, is the first sampling clock edge. The 
sampling clock edge occurs every other positive-going transi- 
tion of the clock. The LOW pulse on MR clears the three internal 
16-bit counters (status, read and write). The FIFO is set to the 
EMPTY state, and no read requests are allowed (RRDY = LOW). 


After an interval of at least tMRS after MR goes HIGH, a LOW- 
going pulse on the WREQ pin tells the 674219 that a write to the 
FIFO is requested. The write request is latched by the write port, 
provided that WEN is LOW. (See Figure 7.) The following sam- 
pling clock edge samples the request, and causes WRDY to go 
LOW. WRDY goes HIGH again on the next (non-sampling) posi- 
tive clock edge, regardless of priority. The write cycle takes place 
over two clock periods, starting on the positive non-sampling 
clock edge following the sampling clock edge which brought 
WRDY HIGH. The data is clocked into the external Write Data 
Register on the same non-sampling clock edge, and into the 
external Read Data Register on the second sampling clock edge, 
to allow minimal fall-through time. (See again Figure 7.) EMPTY 
will go LOW to indicate that there is valid data in the FIFO. RRDY 
goes HIGH indicating that there is data to be read from the FIFO. 
The same sequence of events occurs for the first write request 
that is initiated when the FIFO is empty. 


Methodology for Reading 


In order to maintain a consistent system level architecture, the 
674219 has been constructed such that the system should read 
the data port before a read request is sent. (See Figure 8.) 


This ability allows the FIFO a zero fall-through time on all cycles. 
The system is able to get the data from the FIFO right away, 
without having to wait for the FRC to perform a read cycle of the 
SRAMs. 


On the read port, a positive-going edge of RREGCK signals to 
the system that the read data register is being updated. The 
system should read the data first and then send a request to 
obtain the next word from memory to the read data register. 
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Figure 7. First Write After Master Reset or When FIFO Is Empty 
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Figure 8. Methodology for Reading From the FIFO 
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Write Cycle (Figure 9) 


A write request, indicated by a LOW-going pulse on the WREQ 
pin, is latched by the 674219, provided that WEN is LOW and 
WRDY is HIGH. The request is sampled internally on the sam- 
pling clock edge. WRDY goes LOW on the same sampling clock 
edge, to indicate to the system that a write request has been 
latched and synchronized internally. In addition, WREGCK will 
go HIGH for one clock cycle on the non-sampling clock edge 
that follows WRDY going LOW, regardless of whether the write 
request is processed. The write request will be processed only if 
one of the following sets of conditions is true: 


1. Write Priority has been selected. 


If write priority has been selected, the FRC will process all 
write requests before any pending read requests. 


2. No read request has been latched. 


If no read request has been latched, regardless of priority, the 
FRC will process the write request immediately and will start 
the write memory cycle on the non-sampling clock edge that 
follows WRDY going LOW. 
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3. No priority has been selected, both a read and a write request 
occur before the same sampling clock edge (simultaneous 
request), and in the last case of a simultaneous request, the 
FRC processed the read request first. 


In this case, the 674219 will process the write request first, 
and then process the read request. 


4. Nopriority has been selected, both a read anda write request 
occur before the same sampling clock edge (simultaneous 
request), and in the last case of a simultaneous request, the 
FRC processed the write request first. 


In this case the 674219 will process the read request first, and 
then process the write request. 


Once the write request has been processed, a write cycle takes 
place over two clock cycles starting with the non-sampling clock 
edge on which WRDY goes HIGH. W will go LOW, tCWL after the 
start of the write cycle. W is used to Write Enable the SRAM array 
and to Output Enable the write data register. Two clocks later 
(tCWH) W will go HIGH again, terminating the write cycle. 


In order to avoid the bus contention inherent in shared-|/O 
memory systems, a delay line and an OR gate may be required 
(see Memory Interface Design Guidelines). 
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Figure 9. Write Cycle Timing 
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Read Cycle (Figure 10) 


A read request, indicated by a LOW-going pulse on the RREQ 
pin, is latched by the 674219, provided that REN is LOW and 
RRDY is HIGH. The request is sampled internally on the sam- 
pling clock edge. RRDY goes LOW on the same sampling clock 
edge to indicate to the system that a read request has been 
latched and synchronized internally. The read request is pro- 
cessed only if one of the following sets of conditions is true: 


1. Read Priority has been selected. 


lf read priority has been selected, the FRC will process all 
read requests before any pending write request. 


2. No write request has been latched. 


If no write request has been latched, regardless of priority, the 
FRC will process the read request immediately and will start 
the read memory cycle on the non-sampling clock edge that 
follows RRDY going LOW. 


3. No priority has been selected, both a read and a write request 
occur before the same sampling clock edge (simultaneous 
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request), and in the last case of a simultaneous request, the 
FRC processed the write request first. 


In this case, the 674219 will process the read request first. 


4. Nopriority has been selected, both a read and a write request 
occur before the same sampling clock edge (simultaneous 
request), and in the last case of a simultaneous request, the 
FRC processed the read request first. 


In this case, the 674219 will process the write request first, 
and then process the read request. 


Once the read request has been processed, a read cycle takes 
place over two clock cycles starting with the non-sampling clock 
edge on which the RRDY goes HIGH. RREGCK goes LOW on 
the next sampling clock edge, stays LOW for one clock cycle, 
and goes HIGH on the following non-sampling clock edge, thus 
clocking the data which appears at the SRAM array’s data 
outputs into the Read Data Register. RREGCK going HIGH 
terminates the read cycle. 
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Figure 10. Read Cycle Timing 
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Memory Interface 
Design Guidelines 


introduction 


The purpose of the memory interface design guideline is to aid 
the engineer in interfacing the 674219 FIFO RAM Controller 
(FRC) to an array of static RAMs. This guideline will be broken 
down into three separate sections. The first section is a timing 
analysis of the read cycle. The second section is a timing analy- 
sis of the write cycle. The final section will guide the designer 
through a real design. 


Figure 11 shows a typical SRAM interface schematic. 


Section One: 

Read Cycle Timing Analysis 

Figure 12 shows the basic timings which are critical to the read 
cycle. Some of these parameters apply to the FRC, some to the 


SRAM array, and others to external logic. For convenience, 
these parameters are broken up below: 


FRC Parameters: | 

tav Clock to Address Valid Time 

tANV Clock to Address Not Valid Time 

SRAM Parameters 

tRC Read Cycle Time 

tacs Chip Select Access Time 

tAA Address Access Time 

tOH Output Data Hold Time from Address Change 
tHz Chip Deselect to Output in High-Z 


External Logic: 
Chip Select Decoder Parameters: 


tDECODE tpp through Decoder 

Read Data Register Parameters: 

ts Data Setup Time 

tH Data Hold Time 

Other Parameters (See Text): 

tRDREGH Clock to RDCLK High [RDCLK is the clock 


input of the Read Data Register] 
(This parameter is normally tcRRGH of the FRC) 


There are six separate equations which must each be met in 
order to determine what speed of SRAM the designer will need. 
It is assumed that the user has already specified a speed of 
operation and the external components needed. The equations 
listed can be used at any frequency, up to a maximum of a 
20-MHz clock rate. 


Since every read cycle consists of two physical clock cycles, all 
equations are with respect to 2T (2 x Cycle Time). 


The first equation which should be satisfied is the read cycle 
time (tRC). This identifies what speed SRAM is required. The 
equation is based on the total time that the address is valid minus 
the decoder time. Since the decoder has some minimum skew 
on the negating edge, this time is ADDED to the equation. The 
equation thus becomes: 
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Figure 11. A Typical SRAM Interface 


Equation 1-1 
tRC = 2T - tDECODE(max) + tDECODE(min) - tANVAV(max) 


The access time must be looked at next. There are actually two 
separate equations that help determine the access time. 


Equation 1-2 determines the address access time (tAA). tAA is 
based on the time that the address is valid before the read 
register gets clocked. The equation takes into account the setup 
time of the read data register (tS) as well. The equation is: 


Equation 1-2 


taAS 2T - MAX(tayv - tRDREGH) - tS(min) 
Where MAX(tay - tRDREGH) is the maximum difference 
between tay and tRpREGH 


Equation 1-3 determines the chip select access time (tACS). 
This time is based on the time the address is valid before the read 
register gets clocked MINUS the maximum skew through the 
chip select decoder. This is done to ensure that the decoder 
delay is taken into consideration. Again, the read register setup 
time is considered. The modified equation thus becomes: 


Equation 1-3 


tacs = 2T - tpECODE(max) - MAX(tav - tRDREGH) - tS(min) 
Where MAX(tay - tRDREGH) is the maximum difference 
between tay and tRDREGH 

The next two equations take into consideration the read data 
hold time with respect to the address (tOH), and the chip 
deselect to data outputs in High-Z time (tHZ). We will consider 
the more critical tOH. tOH can easily be determined by 
comparing the data hold time PLUS the clock to address not 
valid (tANV) time with the sum of the clock to RDCLK HIGH time 
(tRDREGH) and the data register hold time (tH). The equation 
for this becomes: 
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Equation 1-4 
tOH(min) * tANV(min) = tRDREGH(max) + tH(min) 


If the SRAM has an extraordinarly long read data hold time 
(tOH), the above equation must be modified to include the now 
more critical chip deselect to data outputs in High-Z time (tHZ). 
This is done by simply substituting tHZ for tOH. The modified 
equation is: 


Equation 1-5 
tHZ(min) + tANV(min) = tRDREGH(max) + tH(min) 


In addition to the above equations, one more is necessary in 
certain cases. In Figure 12, the read cycle is shown. At the very 
end of aread cycle, the read data register is clocked. The normal 
clocking signal for the FRC is RREGCK. Since the read data 
register’s clock is normally connected to RREGCK, if RREGCK 
goes HIGH after the data from the SRAMs goes away, the data 
will be lost. This is only true if the SRAMs have a low tOH(min). 
Normally, in all of the above equations, the clock to RREGCK 
HIGH (tCRRGH) is substituted in place of tRDREGH. In the 
cases where a low tOH does not guarantee the data will be 
properly clocked, the user has another alternative. 


By adding an external OR gate between the clock and RREGCK, 
the user can effectively shorten tCRRGH(max). The gate 
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“ANDs’ the active LOW RREGCK with the clock when it is LOW. 
This produces an active LOW output signal called RDCLK (see 
Figure 12). This will bring the edge of read register clock into 
specification for any tOH, even one of zero. Figure 11 shows a 
typical example of a SRAM interface, including this gate, should 
it be necessary. 


Because the OR gate inherently has some delay, an equation is 
necessary to calculate the new tCRRGH. (This “new” parameter 
is called tRDREGH). It should be noted that if the designer finds 
it necessary to implement this logic, due to a low tOH, he/she 
must replace the tRDREGH in Equation 1-1 through 1-5 with the 
result from the following equation, rather than the normal 
tCRRGH. The equation for the gate is: 


Equation 1-6 
'RDREGH (max) = tPDOR (max) 
Where tPDOR(max) 'S the maximum tpp through the OR gate. 


Since the clock will bring RDCLK low some tPDOR(maxy) later, 
the setup time of the read data register is automatically achieved. 


The above equations complete the timing analysis for a read 
cycle. Once the user has gone through both the read and write 
cycle timings, an appropriate Static RAM may be chosen. 
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™ Actual clock input to the Read Data Register. This may be the same as RREGCK or may be the output of the OR-gate shown in Figure 1 


Figure 12. Read Cycle Timing 
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Section Two: 

Write Cycle Timing Analysis 

Figure 13 shows the basic timings which are critical to the write 
cycle. Some of these parameters apply to the FRC, some to the 


Static RAM array, and others to external logic. The parameters 
that are unique to the write cycle will be summarized below: 


FRC Parameters: 
tpw Write Pulse Width HIGH 
tWHAV W HIGH to Address Valid 


tANVAV Address Not Valid to Address Valid 
tWHWRCH W HIGH to WREGCK HIGH 
SRAM Parameters 
two Write Cycle Time 
tAWw Address Valid to End of Write 
tCw CS to End of Write 
twp WE Pulse Width LOW 
tow Data Valid to End of Write 
twz WE LOW to Outputs in High-Z 
External Logic: 
Write Data Register Parameters: 
tpz OE to Outputs in Low-Z 
tcp Clock to Outputs Valid 
SAMPLING EDGE 
CLK 


: we 


t ANVAV 


cs 
WREGCK 
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care y, 
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Se 


'DECODE(MAX) 'DECODE(MIN) 


Other Parameters (See Text): 
tWOE tDLY(max) * tORSKEW(max) 


There are six equations which must determine the write cycle 
specifications for the Static RAM. It is assumed that the user has 
already selected the frequency of operation and the external 
components needed for his/her system. 


Since every write cycle consists of two physical clock cycles, all 
equations are with respect to 2T (2 x Cycle Time). 


The first equation which should be looked at is the write cycle 
time (tWC). This equation will determine what speed of SRAM is 
required for proper operation. This parameter is the same as the 
total time that the address is valid. This is calculated with the 
following equation: 


Equation 2-1 


tWC = 2T - taNVAV(max) 

There are three basic areas to be looked at once the write cycle 
time has been determined. The first is the access time of the 
SRAM. There are two separate equations in this area. 


The first parameter to be analyzed is the time from address valid 
to the end of write (tAW). This parameter can be calculated by 
taking the total write cycle time (2T) and subtracting from it, the 
time from W going HIGH to the next address becoming valid. 
The equation is: 


WRITE CYCLE 


Se ammo = 


Figure 13. Write Cycle Timing 
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Equation 2-2 


taw = 2T - tWHAV(max) 

The designer must also check the chip select to end of write time 
(tCW). This is often more critical than tAW in determining which 
SRAM to use in the system. The tCW parameter can be obtained 
in the same way as tAW except that the decode time is also 
included in the equation. The modified equation is: 


Equation 2-3 
tcw = 2T - tWHAV(max) - tDECODE(max) 


In addition to the various access times of the write cycle, the user 
must next look at the pulse width of the write signal (tWP). This is 
basically the difference between 2T and the FRC’s write time 
HIGH (tPW). The equation is: 


Equation 2-4 


twp = 2T - tpw(max) 
The last area that needs to be analyzed is the data setup time of 


the SRAM. The data setup time is specified as the time data is 
valid before write goes HIGH (tDW). 


There are three separate equations which determine the 
required tDW of the SRAM. 


The write register has a certain propagation delay from its clock 
input pulse before the data becomes valid. Data must be valid at 
least tDW before WE goes HIGH or it will be lost. The equation 
takes into account the clock to output time (tCP) of the write 
register. The equation is: 


Equation 2-5 


tow = 2T - tcP(max) - \WHWRCH(max) 

The write data register is enabled by the W signal of the FRC. 
The register takes some minimum time before it enables its 
outputs from the High-Z state (tPZ). 


The SRAMs have some maximum time in which they disable 
their outputs when the WE signal goes LOW. This parameter is 
the time from WE LOW to the data outputs in High-Z (tW2Z). 


If tWZ(max) is greater than tPZ(min), bus contention will result. 
To counter this problem a delay must be introduced between the 
W signal of the FRC and the OE input of f the write data register. In 
addition, an OR gate is used to bring OE HIGH shortly after W 
goes HIGH. This is illustrated in Figure 11. tWOE(max) is the 
total delay between W going LOW and OE going LOW. It is 
calculated by the following equation: 


Equation 2-6 


tWOE(max) = tDLY(max) + tPDOR(max) 
Where tDLY (max) is the maximum delay through the delay line. 


tPDOR(max) iS the maximum propagation delay through the 
OR gate. 


Equation 2-5 dictated the tDW based on the clock to output time 
of the register. In most cases though, this time is automatically 
guaranteed. Since the data will not be valid (Low-Z) until some 
tPZ after OE goes LOW, even though it has been clocked 
properly, a new equation is necessary to determine the tDW of 
the SRAM. This equation must take into account the delay that 
was added in to prevent bus contention. It must also take into 


account the tPZ time of the register. The equation is very similar 
to Equation 2-5 with those exceptions. The equation thus 
becomes: 


Equation 2-7 


tow <= 2T - tpW(max) - tPZ(max) - tWOE(max) 

One additional equation is required to determine the delay line 
required to prevent bus contention. The equation for the delay 
line takes into account the maximum tPD through the OR gate. 
The equation is based on the tWZ of the SRAM and the tPZ of the 
write data register. The equation is: - 


Equation 2-8 


tDLY (min) = tWZ(max) - tPZ(min) - tOR(min) 

The above equations complete the timing analysis of the write 
cycle. Once the user has gone through both the read and write 
cycle timings, an appropriate Static RAM may be chosen. 


An Example Interface 


In order to determine any Static RAM parameters, the user must 
know several things. He/she must identify the frequency of 
operation, the read and write data registers, the chip select 
decoder, and any other logic which may be necessary. 


Asan example, assume that a 5-MHz data throughput is desired. 
This will allow a 10-MHz all read or all write data rate. This data 
rate dictates a 20-MHz clock speed for the FRC. 


For worst case design, assume that the selected SRAM has a 
tOH of zero. Since tOH = Ons, there must be an external OR-gate 
to clock the read register. In addition, assume that the selected 
SRAM has a tWZ(max) < 20 ns. 


In order to resolve any bus contention a delay line and another 
OR gate will be added. 


74F series parts are used to keep the design clean. It should be 
noted that the user can use any kind of logic. Because of the 
particular worst case SRAM parameters that were chosen, this 
design contains the maximum number of parts that are required 
for any design. 


Given the above considerations, this 20-MHz design requires the 
following parts: 


Parts List: 
QTY PART DESCRIPTION 
1 674219 FIFO RAM Controller 
1 74F138 Address Decoder 
2 74F374 8-bit Register 
1 74F32 OR-Gate 
1 20 ns +10% Delay Line 


The following is a step-by-step analysis of the read and write 
equations to determine the required SRAM parameters. The 
equations will also show jhe delay line needed to avoid bus 
contention. 
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Read Equations: 
Equation 1-1 
tRC = 2T - tpDECODE(max) + t\DECODE(min) - tANVAV(max) 


100- 9.0 + S30 = 12 
[FRC] [F138] [F138] [FRC] 


tRC < 82.0 ns 

Equation 1-6 

tRDREGH(max) = taNv (min) ~ ORSKEW (max) 
6 


Equation 1-2 


tad = 2T - MAX(tav - tRDREGH) - tS(min) 
100- (40 - 84) - 20 
[FRC] [FRC] [F32] [F374] 


tad < 66.4 ns 
Equation 1-3 


tacs =2T - tpECODE(max) - MAX(tav - tRDREGH) - tS(min) 
100- 9.0 our f 's ueceaeaes .f = 20 
[FRC] [F138] [FRC] [F32] [F374] 


tacs < 57.4. ns 

Equation 1-4 

tOH(min) +t tANV(min) = tRDREGH(max) + tH(min) 

0 +. 215 > 84 2H 

[SRAM] [FRC] [F32] [F374] 
15 ns = 10.4ns 

Equation 1-5 

tHZ(min) * tANV(min) = tRDREGH(max) + tH(min) 

0 +15 > 84 +. 20 

[SRAM] [FRC] [F32] [F374] 
15 ns > 10.4ns 


Write Equations: 
Equation 2-1 


two = 2T - tANVAV(max) 
100- 12 
[FRC] [FRC] 


two < 88.0 ns 


Equation 2-2 


taw = 2T - tWHAV(max) 
100'— 25 
[FRC] [FRC] 


taw < 75.0 ns 
Equation 2-3 


tcw = 2T - tWHAV(max) - tDECODE(max) 
1 25 - 90 
[FRC] [FRC] [F138] 


tcw < 66.0 ns 


Equation 2-4 


twp = 2T - tpw(max) 
100- 25 
[FRC] [FRC] 


twp s 75.0 ns 
Equation 2-5 


tow=2T = - tcP(max) - tWHWRCH(max) 
100 <-125 > ee 18 
[FRC] [F374] [FRC] 


tow < 69.5 ns 


Equation 2-8 


tDLY(min) = einen) ‘ wae Shins * enh) 
[SRAM] [F374] _[F32] 


tDLY(min) = 15 ns (USE 20 ns ' 10% 
Equation 2-6 
tWOE(max) = tDLY(max) + tOR(max) 


22 + 66 
[DELAY] [F32] 


tWOE(max) = 28.6 ns 


Equation 2-7 
tow = 2T - tpw(max) - tPZ(max) - tWOE(max) 
100- 25 - 125  - 266 


[FRC] [FRC] [F374] [delay] 
tow < 33.9 ns 
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RESULTS Based on those results, the Hitachi HM6168H-45 was selected. 


READ PARAMETERS: This is a 4096 x 4-bit Static RAM with a 45-ns access time. Its 
Minimum tac = 82.0 ns specifications are: 

Minimum tag = 66.4 ns READ PARAMETERS: 

Minimum tacs = 57.4 ns Minimum tro == 45.0 ns 

Minimum toH =0 ns (Assumed) Minimum tag = 45.0 ns 

Minimum tyz =0 ns (Assumed) Minimum tacs = 45.0 ns 


Minimum toH = 5.0 ns 


WRITE PARAMETERS: sae = 

te Minimum tHz =0 ns 
Minimum two = 88.0 ns 
Minimum tayw = 75.0 ns WRITE PARAMETERS: 
Minimum tcw = 66.0 ns Minimum two == 45.0 ns 
Minimum twp = 75.0 ns Minimum taw = = 40.0 ns 
Minimum tpw == 33.9 ns (Equation 2-7 used for tDW(min)) Minimum tow = = 40.0 ns 
Minimum twR =0 ns (Because FRC’s twr = 0 ns) Minimum twp = 35.0 ns 
DELAY LINE: Minimum tow = = 20.0 ns 


20 ns Delay Line ('10%) Minimum twR =0 ns 
ns Delay Line (‘10% 
Sixteen 4K x 4-bit SRAMs are required to complete a 32K x 8-bit 


FIFO buffer. The complete design is shown in Figure 14. This 
illustrates the two OR-gates, the delay line, the decoder, the two 
registers, the Static RAM array and the 674219 FIFO RAM 
Controller in a 20-MHz design. 
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DATA IN 
DATA OUT 


F374 F374 


Figure 14. Worst Case Design for 20 MHz 
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Absolute Maximum Ratings 
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Operating Conditions 


MILITARY COMMERCIAL 
SYMBOL PARAMETER MIN TYP MAX | MIN TYP MAX UNIT 


ie 30 
tCLKWL | Clock width LOW 9,10 
ae eo oe 

; apa me 

: 
0 
er 
tRRQC 


* The request window must be observed to guarantee proper operation, between min and max values are not allowed. 
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Electrical Characteristics Over Operating Conditions 


COMMERCIAL 
SYMBOL PARAMETER TEST CONDITION MIN TYP MAX 


High-level input voltage 


2 


ee fee eee 


= MIN lot (Address) = 16 mA 
VOL Low-level output voltage lIoL (Control) = 8 mA 
loL (Flag) = 8mA 


IOH (Address) = -3 mA 
VOH High-level output voltage IOH (Control) = -3 mA 
IOH (Flag) = -3 mA 


lOZH 3 Voc = MAX Vo =24V +40 


loc Supply current Voc = MAX 


* Except TEST pin, which should always be grounded. 
* * No more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
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VIC 
HL” 
IH" 


| 
hr] ! 
mim) 
~{/O1,Orn 

r 

> 


(=) 
on 
z= 


2.4 


Tlozz is Output leakage current plus Ij, . 
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Switching Characteristics 


PARAMETER 


er 
iMAWAC 
iaWeH 

tanvay | Address not valid to addressvalid —_—|7,9,10,12,19 
towat 
‘own 
iowact 
am 
213 | 100 


t W pulse width HIGH 4,13 12 


tWHAV W HIGH to address valid 4,9,13 


'WHWRCH = 
'ARRH = 
E 
E 
E 
r 


* foLK(max) = 12.5 MHz (Military). 
** foLK(max) = 20 MHz (Commercial). 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


SYMBOL UNIT 
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Standard Test Load 


vcc 
TEST POINT ycc RL 
TEST POINT* 
ai S1 
OUTPUT OUTPUT © 
CL | CL 
CL=30pF = = = 
RL = 600 0 
CL = 5 pF (THREE-STATE) 52 
30 pF (NORMAL OPERATION) 
RL = 3000 = 
Load Circuit Load Ciruit 
for Bi-State Outputs for Three-State Outputs 
(Control and Flag Outputs) (Address Outputs) 


3V 
ENABLE 
OV 
$1 AND 
$2 CLOSED 
DATA OUTPUT S1 CLOSED 1.5V 
WAVEFORM 1 S2 OPEN 0.5V 
aN SNE VOL 
12H 

DATA OUTPUT $1 OPEN 0.5V 
WAVEFORM 2 $2 CLOSED 1.5V 


S1 AND 
$2 CLOSED 


Waveform 1 is for an output with internal conditions such that the output is LOW except when disabled. 
Waveform 2 is for an output with internal conditions such that the output is HIGH except when disabled. 


Figure 15. Enable and Disable Timing 


Notes: A. C;_ includes probe and jig capacitance. 
B. All diodes are 1N916 or 1N306A. 


C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 


D. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. 
All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz. Zoyt¢ = 50 0 and ta <2.5nstp<2.5ns. 
F. When measuring propagation delay times of three-state outputs, switches S1 and S2 are closed. 


m 
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Am4701-45 


Bidirectional 512x8 FIFO Am4701 BIFIFO (Previously 67C4701) 


DISTINCTIVE CHARACTERISTICS 

e 2-512x8 FIFO buffer, provides asynchronous 
bidirectional full duplex communication. 

e Full and Empty Flags 

e Programmable Almost-Full and Almost-Empty 
flags. 

e Byte detect mode. 

e No handshaking necessary. 

e Built in parity checker/generator. 


GENERAL DESCRIPTION 


The Am4701 is a CMOS RAN-based, fully asynchro- 
nous, byte-wide bidirectional First In First Out (FIFO) 
device that is 512 words deep with 8-bit wide words in 
each direction. It contains two 512x9 dual-port memory 
arrays with the ninth bit in each array reserved for 
framing and parity functions. 


The Am4701 can accept and output data asynchro- 
nously and simultaneously at data rates from 0 to 
16.7 MHz. Interrupt driven status flags are provided to 
signify Full, Empty and user programmable Almost Full 
and Almost Empty conditions. Parity generation/check- 


BLOCK DIAGRAM 


re a a aS a Oe Oo OO 


SELECTOR 
Port A 
FRAMING 
GENER. / CHECKER 
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Advanced 
Micro 
Devices 


e Generates and detects framing bit. 
e Programmable Interrupt request. 


e Bypass mode—Changes the Am4701 toa 
transceiver. 


e Two mailboxes. 
e Bidirectional data bus. 
e Low power consumption. 


ing, programmable interrupt requests, byte-detection, 
framing and port-to-port communication through mail 
boxes are provided on chip. The Am4701 can also 
operate in Bypass Mode where it behaves like a trans- 
ceiver. 


The Am4701 is ideally suited for bidirectional inter- 
processor communication and data-buffering between 
a CPU and a peripheral device. The ability to buffer 
large transfers of data and its rate adaption capabilities 
make the Am4701 useful in communication, image 
processing, DSP and printing systems. 


MePateharateMeMreMeMreMeeMsPas Mere MerereMerersrraMerareratararsrarerarerararararareranarareraransrararsnatararerararannareratararenraty® 


- C/D_B 
SELECTOR > Do.7 _B 
Port B » PARITY 
FRAMING AND PARITY : RDB 
GENER./CHECKER | 4 WRB 
Port B a= 
——* IRQ_B 


REGISTERS 
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Publication # Rev. Amendment 
11120 B /0 
Issue Date: January 1989 


CONNECTION DIAGRAM 


TOP VIEW 
DIP 


Am4701 


PLCC 
PRELIMINARY 
<, < < ° ie a 
sg 5 Se Ss 
Bas S25 
2 1 
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AM4701 


18 19 20 


Sex 
=< — < 

oO 
os 


NOTE: Pin 1 is marked for orientation. 


N/C: No Connection 
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LOGIC SYMBOL 


DEFINITIONS 


2-164 


ADOUV 


> 


11120-009B 


PIN NAMES 


[parity |__| PARITY/ FRAMING BIT (PORT B ONLY, 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) 
is formed by a combination of: a. Device Number 

b. Speed Option 

c. Package Type 

d. Temperature Range 

e. Optional Processing 
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e. OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 


c. PACKAGE TYPE 
P = 28-Pin Plastic DIP - PD 028 
J = 32-Pin Square Plastic Leaded Chip Carrier 
“In development 

b. SPEED OPTION 


—45 = 45ns Read/Write Access Time 


a. DEVICE NUMBER/DESCRIPTION 


Am4701-45 
512x8 BiFIFO 


Valid Combinations 
Am4701-45 PC, JC (future) 


Valid Combinations 


Valid Combinations list configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly 
released combinations, and to obtain additional 
data on AMD's standard military grade products. 
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PIN DESCRIPTION 


D,-D,_A, B 
8-bit bidirectional data bia tee port A, B. 
Parity 
Bidirectional parity/framing bit for port B only. 
RD_A,B 
Read input for port A or B. The falling edge of Read 
initiates a read from the FIFO or the internal registers. 


Both ports can be read simultaneously by RD_A and 
RD_B. 


WR_A,B 


Write input to port A or B. The falling edge of Write initiates 
a write cycle. Both ports can write simultaneously by 
WR_A and WR_B. 


FUNCTIONAL DESCRIPTION 

The Am4701 provides an asynchronous full duplex con- 
nection between two CPUs working in a Multi- 
processing mode, or between a CPU and a peripheral 
device. 


Each port writes into a 512x8 FIFO and reads from the 
other FIFO. Each port has a set of internal register and a 
framing generator/checker. Port B has an additional 
parity generator/checker. 


I. Registers 

Each port of Am4701 has a set of internal registers 
which control the operation of BiFIFO. Each port’s 
registers can read and write asynchronously. Access- 
ing these registers requires two cycles. In order to 
access these registers, the user has to write the ad- 
dress of the register during Cycle 1 in the pointer regis- 
ter. In Cycle 2 write/read operation of the addressed 
register is performed. The pointer register (write only 
register) and status register (read only register) are 
located at address 0. Accessing the pointer register or 
status register requires one cycle only. Accessing of 
other registers is explained below: 


Writing Data to register 


(i) Cycle 1-Writing Address: With C/D at high, WR is 
asserted low and the address of register appearing at 
data bus D,—D, (see Fig. 12) t,, prior to and t,,, after 
the rising edge of WR will be written to the pointer 
register. 


(ii) Cycle 2-Writing Data: With C/D at high and WR at 
low, the data set on the data bus (see Fig. 12) t,,, prior 
to and t,,, after the rising edge of WR will be written into 
the addressed register. 
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C/D_A,B 
Command / Data selection for port A or B. 


C/D = High : Read or Write to the internal registers. 
C/D = Low : Read or Write to the FIFO. 


IRQ_A,B 


Interrupt request output of port A, B. The IRQ flag will be 
active low by any change of status in the appropriate port 
and is reset by reading the status register of the same 
port. Each port’s IRQ flag can be masked by its mask 
register. 


Reading Data from register 


(i) Cycle 1-Writing Address: With C/D at high, WR is 
asserted low and the address of register appearing at 
data bus D,—D, (see Fig. 12) t,, prior to and t,,, after 
the rising edge of WR will be written to the pointer 
register. 


(ii) Cycle 2-Reading Data: With C/D at high, the falling 
edge of RD initiates the read cycle. (see Fig. 11) Data 
appears on the data bus t,, after the falling edge of RD. 


After Cycle 2 the pointer register is cleared auto- 
matically. 


ll. FIFO 

The part has two 512x9 FIFOs connected back to back. 
Each port can read and write asynchronously. The FIFO 
is based on a dual port RAM cell and can be read and 
written simultaneously . The read and write addresses 
to the FIFO are generated by the read and the write 
pointers of every port. Data is limited to 8 bits. The ninth 
bit in the FIFO is provided to support parity or framing 
functions. 


Writing Data to the FIFO 


With C/D at low, the falling edge of write (WR) initiates a 
write cycle (see Fig. 12). Data appearing at inputs 
D,—D,, tp, prior to and t,,, after the rising edge of WR will 
be stored sequentially in the FIFO. 


Reading Data from the FIFO 


With C/D at low, the falling edge of Read (RD) initiates a 
read cycle (see Fig. 11). Valid data appears on the data 
bus t,, after the falling edge of RD and remains valid for 
t,, after the rising edge of RD. 
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lll. Parity 

The Am4701 has a parity generator/checker for port B 
only. Port B Command register enables the generator 
and chooses the odd or even parity mode. While read- 
ing from port B, the parity bit is generated and sent out 
by the parity pin output. 


While writing to port B, the parity checker gets 9 bits of 
data and checks if the parity bit is valid. If the parity bit is 
wrong, port B will get an interrupt at the end of the write, 
Bit 9 of the written byte will be set to HIGH. When the 
byte reaches port A, the framing detector of port A will 
detect the byte and interrupt port A. 


IV. Framing 

Both ports have a framing generator and checker. The 
framing bit points a byte in a block, and can be used to 
identify : 


Beginning or end byte in a block. 
Command byte between data bytes. 
Wrong data byte between valid data bytes. 


A. Framing from Port A to Port B 

Port A writes bytes of data to port B with framing bit =“0”. 
When port A wants to change the framing bit, it has to 
write a “1” to the framing bit in the pointer register. 
Writing to the FB bit in the pointer register will set the 
framing bit of the next data byte written to the FIFO. 


The FB bit in the pointer register will be reset automati- 
cally after writing to the FIFO; every writing to the FB 
flag will frame one byte of data only. 


The byte with the framing bit will be shifted to port B and 
set the FD (frame detect ) flag in port B’s status register. 
If the FD flag is not masked it will set the IRQ_B output 
and interrupt port B’s CPU. 


If port B is working in the framing mode, the framing bit 
will be sent out through the parity pin together with the 
other 8 data bits while port B is reading. 


If port B is working in the Parity mode, the framing bit will 
be changed at port B to a parity bit by the parity genera- 
tor and will be sent to port B’s CPU through the parity 
output pin. However, the frame detect flag will be set in 
port B’s status register. 


Function RD A WR A 


Writing data from A to B Bus. H 
Reading data from B to A Bus. L 
Writing data to A registers. H 
Reading data from A registers. L 
Writing data to B registers. H 
Reading data from B registers. LE 
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B. Framing from Port B to Port A 
Port B can send framing bits to port A in 3 different 
modes: 


a. While working in the parity mode. 

b. While working in the framing mode and using 
the parity pin. 

c. While working in the framing mode and using 
framing bit in the pointer register. 


a. PortB’s CPU writes to port B 8 data bits and a parity 
bit. The parity checker in port B checks the parity bit 
and sets the PE (parity error) flag if an error is 
detected. The PE flag will set the IRQ of port B. 
The errored byte will automatically be signed by a 
framing bit, which will be detected by the frame 
checker in port A. When the erroneous byte 
reaches port A, the framing bit will set IRQ_A. 


b. Port B’s CPU writes to port B 8 data bits and a 
framing bit through the parity input pin. The bit will 
be detected by the frame checker in port A and will 
set IRQ_A. 


c. Port B’s CPU writes to port B 8 data bits and the 
framing bit is written through the pointer register 
(like in port A). The bit will be detected by the frame 
checker in port A and will set IRQ_A. 


V. Bypass Mode 

The bypass mode changes the Am4701 to a transceiver 
between the A and B buses. The bypass mode is con- 
trolled by the “BP” bit in port A command register. 
Changing to this mode will not change the data in the 
FIFO and the address of the FIFO pointers. Table 1 
gives the logic state of control pins for transceiver action 
and for accessing internal registers in Bypass Mode. 


A. Writing/Reading Between Port A and 


Port B. 

While BP bit in port A command register is HIGH and 
C/D of port A and port B are LOW, port A can read and 
write to port B data bus. Port B’s read and write com- 
mands will be ignored, the only master on port A and 
port B is port A’s CPU. 


C/D_A RD_B WR_B c/D_B 
L X x L 
L x Xx L 
H x x X 
H Xx 4 Xx 
L H L H 
L L H H 


Table 1. Bypass Mode Truth Table 
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B. Writing/Reading Port A’s Registers. 

While BP bit in port A command register is HIGH and 
C/D of port A is HIGH, port A can access its internal 
registers as in the FIFO mode. Port B’s read and write 
commands will be ignored and the only master on the 
Am4701 is port A. 


C. Writing/Reading Port B's Registers. 
While BP bit in port A command register is HIGH, 
port A can access port B’s internal registers. 


(i) Writing to port B Registers 

a. Cycle 1-Writing Address: With C/D_A at 
LOW, C/D_B at HIGH and WRA at 
LOW, WR_B is pulsed LOW. Data ap- 
pearing on D,-D,A (see Fig. 20) ty 
prior to and t,,, after the rising edge of 
WR_B will be written to the pointer register 
of B. 

b. Cycle 2-Writing Data: Port A sets the data 
to be written to port B’s register at the 


INTERNAL REGISTER 


Address Write only address 


0 POINTER REGISTER 


databus D,-D,_A. With C/D_A at LOW, 
C/D_B at HIGH, and WR_A at LOW, 
WR_B is pulsed LOW. Data appearing on 
D,-D,_A (see Fig. 20) t,,, prior to and t,,, 
after the rising edge of WR_B will be written 
to the register. 


(ii) Reading from port B Registers 

a. Cycle 1-Writing Address: With C/D_A at 
LOW, C/D_B at HIGH and WR_A at LOW, 
WR_B is pulsed LOW. Data appearing on 
D,-D,_A (see Fig. 20) t,, prior to and 
t,, after the rising edge of WR_B will be 
written to the pointer register of B. | 

b. Cycle 2-Reading Data: With C/D_A at 
LOW, C/D_B at HIGH and RD_A at LOW, 
RD_B is pulsed LOW. The falling edge of 
RD_B initiates the read cycle (see Fig. 19). 
Data appears in D,-D__At,, after to falling 
edge of RD_B. 


Read only address 


STATUS REGISTER 


Read and write address 


lca TG eo 


Oo 


COMMAND REGISTER 


MASK REGISTER 


BYTE DETECT REGISTER 
MAILBOX REGISTER 


AF/AE PROG. REGISTER 
RESET READ POINTER 
7 RESET WRITE POINTER 


OTHER PORT's MAILBOX 
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Figure 1. One Port’s Register Set 


Every port of the Am4701 has 7 internal registers ad- 
dressed by the Pointer register. 


The internal registers are: 
Pointer register (write only register). 
Status register (read only register) . 


Command, Mask, Byte-detect, Mailbox, Almost-Full 
Almost-empty registers. 
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The Pointer and Status registers are both addressed at 
address 0. The other read/write registers are addressed 
at address 1 to 5. Addresses 6 and 7 have no registers, 
they are used to reset the read and write pointers and to 
read the other port’s mailbox. 


There is a difference in the accessing forms between 
the two registers in address 0 and all the other registers. 
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The two registers in address 0 are accessed directly 
when the C/D input is high, and WR or RD is LOW: 


C/D=H, WR=L will write to the Pointer register. 
C/D=H, RD=L will read from the status register. 


Accessing the other registers has two stages: 


1. Writing an address to the Pointer register which 
will point to the desired register. 


2. Writing or reading data to / from the register ad- 
dressed by the pointer. 


After the second stage has been finished, the pointer is 
automatically cleared to 0 and ready for a new writing or 
reading. Two successive reads from the status register 
will assure that the pointer is cleared. 


Pointer Register (Fig. 2) 
A2-A0 


The Pointer register contains 3 address bits A2-—A0. 
These bits select which of the registers will be read or 
written during the next command access. After master 
reset the contents of the pointer is zero and the first 
access to the registers will always be to the pointer (by 
write) or to the status register (by read). 


The next read or write accesses a register addressed by 
the pointer A2 — AO bits. The pointer address bits are reset 
after the read or write to the addressed register is com- 
pleted. 


FB 


Framing bit ; This bit is used to write a framing bit to the 
FIFO. The bit is set by writing twice to the pointer while 
D7=1. 


The next write to the FIFO will write the data byte together 
with a framing bit.The FB bit will reset automatically after 
the data byte is written to the FIFO. 


le oe 
D7 D6 D5 D4 D3 D2 D1 DO 


Figure 2. Pointer Register 
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Status Register (Fig. 3) 

Each port has a status register, it is read by the port to 
determine the meaning of any interrupt. Reading the 
status register will clear the IRQ flag, except of an 
interrupt caused by the mailbox. A mailbox interrupt will 
be cleared by reading the mailbox. 


While “shift” bit in the command register is “1”, the 
status register will display the other port’s FULL, 
EMPTY, AF and AE flags. 


The status register has the following flags: 


MR 


Master reset; the flag is set when one of the ports has 
reset the part by writing a master reset command to its 
command register. The part can be reset by either of the 
two ports. Only reading the status register of the port 
which sets the MR will terminate the master reset com- 
mand. However, the other port has to read its status regis- 
ter to reset the MR bit. 


FULL 


The FIFO is full, every write command will be ignored. The 
interrupt flag is maskable but the status bit will reflect the 
true state. 


EMPTY 


The FIFO is empty, every read command will be ignored. 
The interrupt flag is maskable but the status bit will reflect 
the true state. 


AF 


Almost Full; The flag is set when the write pointer reaches 
the limit which was programmed in the Almost Full / Al- 
most Empty register. 


AE 


Almost Empty; The flag is set when the read pointer 
reaches the limit which was programmed in the Almost 
Full / Almost Empty register. 


Mailbox interrupt request from one port to the other— 
requests to read new data in the mailbox. The flag is set by 
writing to the mailbox (by the other port), the flag is cleared 
by reading the other port’s mailbox. 


BDT 


Byte detect; the flag is set when the port is reading from 
the FIFO a preprogrammed byte in the BDT register. The 
flag is cleared by reading the Status register. 


PE/FD 
Parity error or frame detect; 
In port A it is always frame detect. 


In port B it will be a Parity Error bit when the parity 
checker is enabled, or a Frame Detect bit when the 
parity checker is disabled. 
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Figure 3. Status Register 
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Command Register (Fig. 4) 
The Command register of port A is different from port B 
because the parity generator is in port B only. 


Software Master Reset — Either port can reset the FIFO 
by writing a “1” to the MR bit in its Command register. To 
prevent erroneous resets, the port must write the MR=1 
twice, and only then it will be recognized as a master 
reset. The MR command will be terminated by reading the 
status register by the port which originated the MR. 


SHIFT 


The shift bit is used to display the other port’s FULL, 
EMPTY, AF and AE flags. After a master reset the shift bit 
is reset and the status register will show the own port’s 
flags. When a CPU on one port sets this bit, the status 
register will show the other port’s FULL, EMPTY, AF and 
AE flags. 


PEN 


Parity enable in port B only. The port sets this bit to enable 
the parity checker/generator. when this bit is reset, the 
parity generator/checker is generating and checking the 
framing bit. 


PO/PE 
Parity odd or even selection. 
PO/PE = H - odd parity. 
PO/PE = L- even parity. 

BP 


Bypass mode selection in port A Command register only. 
Selects the functioning of Am4701 as a FiFO or as atrans- 
parent buffer. 


BP = “1” - Bypass mode 
BP = “0” - FIFO mode. 


BDT Register 

The byte detect register contains a programmable byte 
that the port wants to detect while reading the FIFO. 
When the byte is detected and the mask is enabled, the 
BDT flag and the IRQ output will be set. The flag is 
cleared by reading the status register. 


Mailbox 

Every port has a 8 bit mailbox to write messages to the 
other port. By writing new data to port A(B)'s mailbox, 
port B(A)’s MB bit in its status register and IRQ _B(A) 
flag will be set. The flags will be cleared by port B(A)’s 
reading its mailbox. Every port is allowed to read either 
mailbox, but can write to its own mailbox only. 


ee 


Port A Command Register 


Soo 3 eee Bie Bd a ee 


Port B Command Register 
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Figure 4. Command Registers 


Mask Register (Fig. 5) 

The mask register masks the flags which will generate 
the interrupt request IRQ. A zero in the register masks 
the interrupt for this flag. After master reset the mask 
bits are set for FULL and EMPTY and reset for all the 
other flags. The MR is the only unmaskable flag and will 
always Cause an interrupt. 
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FULL/EMPTY 


The FULL and EMPTY flags are nonmasked after a mas- 
ter reset, the flags will be masked after writing a zero to the 
appropriate bits. 


- AF, AE 


Almost full, almost empty flags. 
MB 
Mailbox interrupt request from other port. 
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BDT 


Byte detected, the byte read from the FIFO is equal to the 
byte preprogrammed in the BDT register 


PE/FD 


Parity error or frame detected. 


Figure 5. Mask Registers 


AF/AE Programmable Register (Fig. 6) 
Every port can program the limit of its AF and AE flags. 
The programming is done in increments of 16. After the 
master reset the register is automatically set to 00H 
which will set the AF and AE flags at 16 writes before 
FULL and 16 reads before EMPTY. 


The AF flag is programmable in increments of 16, from 
16 to 256 writes before FULL by the four AF3—AF0 bits. 


The AE flag is programmable in increments of 16, 
from 16 to 256 reads before EMPTY by the four 
AE3-AE0 bits. 
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Reset Read / Write Pointers 

The read and write pointers of either ports can be reset 
by writing to register 6 or 7 of that port respectively with 
any data The reset of the pointers is used to overwrite or 
read again an errored block. 


Resetting the Read/Write pointers will cause erroneous 
AF, AE flags. Only a master reset or a reset of all the 
four pointers (in port A and B) will cause correct AF, AE 
flags. 


It is recommended to mask the AF and AE flags in the 
mask register when using this mode. 
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APPLICATIONS 

The Am4701 provides an asynchronous 2-512x8 bit 
FIFO buffer between two CPUs or between a CPU and 
a peripheral device. The Am4701 is located on a board 
together with one CPU which is connected to the 
Am4701 by 8 data bits. 


The other CPU may be onthe same or on another board 
and can be connected in one of the following modes: 


1. 8-bit data only. 
2. 8-bit data and a parity bit. 


CARD #1 


CPU #1 PORT A Am4701 


IRQ 
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Figure 6. AF/AE Programming Registers 


I. 8-Bit Connection (Fig. 7) 

The 8-bit connection is allowed for communication be- 
tween two CPUs. In this mode the parity pin at port B is 
not connected and the Am4701 transfers 8 bits of data 
only. 


ll. 8-Bit Data with Parity (Fig. 8) 

This mode is used to connect two CPUs on two sepa- 
rate cards. Am4701 and CPU #1 are on the same card. 
The CPU #2 on card #2 must have a parity Generator/ 
Checker. 


The built in Parity Generator/Checker of Am4701 will be 
used by CPU #1. With Am4701 in parity mode, the data 


PARITY BIT 
NOT CONNECTED 


Figure 7. 8-Bit Connection 


Am4701-45 


2-171 


CARD #1 


CPU #1 PORT A Am4701 


& PARITY BIT r= = 


GENER 
/CHECK 
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Figure 8. 8-Bit with Parity 


written by CPU #1 will be available at port B with parity 
bit (parity generated by Am4701). 


While transfering data from CPU #2 to CPU #1, the built 
in parity checker in Am4701 will check the parity coming 
from card #2. CPU #2 will get an interrupt (IRQ_B) if it 
has written data with parity error. CPU #1 will also get 
an interupt (IRQ_A) while reading the data with parity 
error. 


lll. Bypass Mode — CPU Connected to a 
Peripheral (Fig 9) 

This mode is used to transfer data or commands be- 
tween a CPU and a programmable peripheral through 
the Am4701. In this mode the Am4701 behaves like a 
transparent buffer. 


For example a USART, we can send the commands 
and read the status of the USART in the bypass mode, 
the data will be sent through the FIFO in both direction . 


The RD, WR, C/D to the peripheral and the Am4701 will 
be generated by a PAL or any other discrete logic. The 
PAL gets address lines from the CPU, decodes them 
and generates RD, WR, C/D signals depending on the 
address. 


CPU PORT A 


8 BIT 


RD 
WR 
c/D 
ADDRESS 


Am4701 


A. FIFO Mode 

The FIFO mode is selected by resetting the BP bit in 
port A command register. In this mode the data written/ 
read by the CPU will be transferred through the FIFO. 


The control signals to port A, B of the Am4701 and to 
the peripheral will be generated by the PAL according to 
the handshaking signals between the peripheral and 
the PAL. 


B. Bypass Mode 

The Am4701 gets into the bypass mode by setting the 
BP bit in port A command register. From this point the 
Am4701 behaves like a bidirectional buffer, data passes 
directly from port A to port B. 


The BYPASS mode can be used for writing commands 
to port B internal registers by the CPU in port A. The 
CPU transfers the data from port A to port B in the 
bypass mode and the RD or WR signals are generated 
by the PAL. The PAL generates the signals according to 
the address inputs from the CPU. 


PORT B PERIPHERAL 


8/9 BIT 


HAND- 
SHAKING 


SIGNALS 1029 12 


Figure 9. Bypass Mode 
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ABSOLUTE MAXIMUM RATINGS’ OPERATING RANGES 


OEMS WORDED Vax scarersiteng csititeeateatareerast -0.5Vto7.0V Commercial (C) Devices 

Ge IU VORAQ OLY) i oecsss-deovsensiesturndeshias -0.5VtoV,,+0.5V POT POTOROIE CT) Sroncvcis says ccessepncorsantantroniescioans 0 to + 70°C 
Storage Temperature, T., .........scsssssesaseesseesess —65 to +150°C SUPPly VONAGE LV so) isi k se scesessvonpnnsbastenie +4.510+5.5V 
POWOE DISS QUGN i305 -xekscsaeinctn eet oestised nasttarsvaktiel: 1W 


Operating ranges define those limits between which the func- 
ete GTI aE LUN TUNG sas cocnaceohs vec heasneiea sin ei 50 mA tionality of the device is guaranteed. 


* Note: Stresses greater than those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only, and functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for 
extended periods of time may affect reliability. 


DC CHARACTERISTICS 


Ma_| Vowteyetietvolege | Notet 
pre 


Input current Vocg = MAX V,= GND 
OR Ve 


V : = 
V.,, | High-level output voltage | V,.=MIN J Ioy=2mA | 24 
loz | Off-state output current Voc = MAX V. = GND 

OR Vo 


Max. Freq. supply current Vocg = MAX V,= GND 
OR Voc 


Commercial 


. 


A 


ae 
| 
c. 
D 
Ww 
re) 
© 
3 
i ¢p) 
= 
Go 
so} 
< 
re 
= 
o 
= 
<= 
8 
r 
= 
> 
x< 
Oo< 
fe: i 
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oO 
= 


A 
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} 
3 


Capacitance (0°C < T, < +70°C)(V,, = 5.0 Volts + 10%) 


Parameter Conditions Typ. 


an es 


units 


1.1k 


680 30 pF 
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Figure 10. 
Notes: 


1. These are absolute voltage levels with respect to the ground pins on the device and include all overshoots due to system and/ 
or tester noise Do not attempt to test these values without suitable equipment. 


2. For reference only. 
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Switching Characteristics (T, = 0°C to 70°C, V.,. = 5 V + 10%) 


Commercial 
Parameter 


Read Cycle (Fig. 11) 


etn 


1 


2 Read Access time 


Read Cycle time ee 


3 


BAS 


Read Pulse width 


Read recovery time a 


Read Access time with Parity as 


uo 


Output Hold after RD 


Loma 


Zz 


RD High to Output Disable 


RD Low to Output Active Pee 


C/D Hold time after RD or WR 


C/D Set Up time to RD or WR Pg 
Write end to begin Read ate 


10 
11 


Input Rise and Fall times 


Write Cycle (Fig. 12, 21, 22) 


7 iow  — .  o 

[wo [wmeuewe | «| 

S| we [omsnwme | | 

iLL Se a ee 
Sic = ae 


Nh 


Notes: 
1. This parameter refers to read/write on the same port. 


2. See Fig. 21 and 22. 
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Switching Characteristics 


a 


IRQ and Flag Timing (Fig. 13, 14, 15, 16) 


mune 
twi, | Write LOW to FULL flag Set See 
ee 
ee TT 
twin. | Write HIGH to PE flag Set So ae 
twin, | Write HIGH to MB flag Set ae 
Read status HIGH to /IRQ HIGH Sees 
see 


21 


22 


23 


Nh 
BS 


25 


Soca Read to FD flag Set 
Read to BDT flag Set 


26 tai Read to MB flag reset 


Bypass Timing (Fig. 17, 18) 


27 


Am4701-45 
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SWITCHING WAVEFORMS 


C/D 


D_-D (@) 
DATA OUT 


PARITY 


c/D 


D5Dy 
PARITY 
DATA IN 


RD 


PARITY 
DATA OUT 


2-176 


tas (10) 


trcs 


ieenta 


ee oe 


ee TAH (9) 
$$ trp (4) Sea 
Ane tyz (8) 
(2) OH (6) |}<— 
VAASEPPPPDDA LLLLLLLLLL vauvoata  SSSSS 
tr BAY —K_—*—_*<«Q ZI 


(7) 


RN yy 


@ th 
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Figure 11. Read Cycle (Either Port) 11120-001B 
a 
tas Se 
eee! (10) = two taH —>| (9) 
(14) 
twp twr 
(12) (17) 
RCH (15) 
tpw (16) }4—tpH 
GF anemiee 
Figure 12. Write Cycle (Either Port) 11120-002B 


SWITCHING WAVEFORM 


STATUS READ 
RD STATUS ; 
aa tWHIL 
(22) 
— tRHIH 
(21) (23) 
IRQ. 
1029 16 
Figure 13. Setting IRQ by FULL, AF, MB, PE flags from FIFO (note 1). 
STATUS READ 
RD STATUS 
RD 
t RHIH 
(23) 
inQ. 
tRLIH 
(26) 
iRQ MB 


ae Figure 14. Setting IRQ by Empty, AE, BDT, FD flags from Read FIFO. 


Note 1: The MB flag is set by writing to the mailbox and reset by reading mailbox 
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SWITCHING WAVEFORM 


\ 
FULL_A \ / 


1029 18 
Figure 15. FULL, AF, flags from Read/Write FIFO (note 1). 


Figure 16. Setting EMPTY, AE, flags from Read/Write FIFO (note 1). fae 


Note 1: The flags setting time can not be measured directly because the flags do not have output pins. 
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SWITCHING WAVEFORM 


C/D_A 


D 795 _B 
DATA IN 


Figure 17. Bypass Mode-Read Data from B to A Bus 


11120-003B 
(RD_B=X, WR_B=x )* 


ee QQ 


D 7D, “a 


DATA OUT 


Figure 18. Bypass Mode-Writing Data from A to B Bus 
( RD_B=X, WR_B=xX )* 


11120-004B 


*Refer to Table 1: Bypass Mode Truth Table. X = Don't care. 
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SWITCHING WAVEFORM 


cfB_A INS Gy 


<< las (10) TAH ——p((9) 


(9) >| 'AH |<q— 


RD_B ty (8) 
Tae "eaiee tra (2)____p| (6) Ri _— 

D-Dy A LLLLALALAL ALLL LLL, TSS 
DATA OUT VW iin hhh». |g IdA, 

WR_A / 

WR_B 

Figure 19. Bypass Mode-Reading Data From B Registers* 11120-0058 
TAS _ og! fg — (10) taH (9) <q 


Figure 20. Bypass Mode-Writing Data To B Registers* 11120-006B 


*Refer to Table 1: Bypass Mode Truth Table. 
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SWITCHING WAVEFORM 


FIFO EMPTY 


WR_A,B 


DATA IN_A,B 
D 7% 


C/D_B,A Yh 
RD_BA 
DATA OUT_B,A 
DD, RQ Add A 
Figure 21. Read Data Flow Through 11120-007B 
FIFO FULL 


RD_A,B 


DATA OUT_A,B 


DATA IN_B,A 
Valid Data 
D,-D, 


Figure 22. Write Data Flow Through 11120-008B 
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Military Specialty Memory 


Whatever your military data buffering needs, Advanced Micro 
Devices has the right specialty memory device to fit your applica- 
tion. All of our military bipolar and CMOS First-in First-out (FIFO) 
memories are fully screened to MIL-STD-883. 


Bipolar Military FIFOs 


The 57401 and 57402 standard bipolar FIFOs feature 64 words 
by 4-bit and 64 words by 5-bit architectures. Words can be asyn- 
chronously loaded and unloaded from these FIFOs at 7 MHz. 
Standard FIFOs are offered in enhanced 10 MHz versions, the 
57401A and 57402A. Both standard and enhanced FIFOs are 
available as standalone and cascadable devices. Cascadable 
FIFOs are expandable in word width and depth. AMD's bipolar 
process has been proven to be radiation-tolerant at neutron 
fluences up to 1x10"* neutrons/cm?. The process has also shown 
typical recovery times of 50 to 70 ps from a 1 us pulse at a dose 
rate of 2x10'° RADs (Si)/s. 


High Performance FIFO 


The 57413Ais AMD’s fastest military FIFO. It cffers a full 25 MHz 


shift-in/shift-out rate, for performance-critical applications. Other 


features include three-state outputs and status flags. Two flags, 
Half-Empty and Almost Empty/Full alert the system when the 
FiFO is half full (82 words or more), almost empty (8 words or 
less), or almost full (56 or more words). 


CMOS FIFO Family 


AMv’s family of zero-power CMOS FIFOs will offer the ultimate 
in speed and low power. All five new devices are fully cascadable 
fcr easy expansion in word width and depth. They feature asyn- 
chronous shift-in/shift-out rates of 12 MHz with extremely low 
power consumption. When in standby (quiescent) mode, these 
devices consume only 550 watts of power. The active power 
dissipation is equally impressive. At maximum frequency 
(12MHz) military CMOS FIFOs require only 40 mA. 


The CMOS FIFOs employ a static RAM-based memory array 


which allows them to operate with an extremely short fall-through 
time. Designers with high speed requirements will not have to 
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wait for the ripple-through delay associated with register-based 
FIFOs. In addition, AMD’s CMOS FIFOs offer fully- TTL compat- 
ible inputs and outputs. 


The 570401 and 57C402 are organized like the standard 64x4 
and 64x5 FIFOs, but add enhanced speed and reduced power. 
These parts are designed for applications in systems where 
higher speed and zero power is a requirement. 


The 57C4013 and 57C4023 resemble the C401 and ’C402 but 
also offer three-state outputs. The ability to turn off the FIFO 
outputs is useful in testing and in on-board bus applications. 


The 57C4033 is a unique 64x5 device which offers status flags in 
addition to three-state outputs. The two flags, Half-Empty and 
Almost Empty/Full operate inthe same manner as onthe 57413A. 


AMD will soon offer a line of high density CMOS FIFOs: the 
Am7200 (256x9), Am7201 (512x9), Am7202 (1Kx9), andAm7203 
(2Kx9) buffer memories. These devices feature static-RAM- 
based architectures specially tailored for applications requiring 
increased depth. They feature a 40-ns access time and 25-mA 
standby power. Our high density FIFOs are fabricated on AMD's 
proprietary poly-load CMOS process. 


Uses of FIFOs 


AMD’s military FIFOs are a simple, economical way of matching 
the instantaneous data rates of two digital systems. Examples 
are dual microprocessor systems where the FIFO keeps trans- 
mitting microprocessor “free” by storing the data for the second 
processor in advance. The first processor is able to loac the data 
as a block and continue with other tasks, and the second can 
receive the data from the FIFO as it is required. Asimilar situation 
might occur in a display system where a general-purpose micro- 
processor sends data to a specialized graphics processor. 


In many aircraft, a central computer supervises several distrib- 
uted microprocessors which, in turn, control subsystems such as 
weapons, targeting, radar, and displays. The use of FIFOs as se- 
rial data buffers to these subsystem microprocessors allows the 
central processor to prepare and send data quickly, freeing it to 
move on to the next task. 


ct 


Advanced 
Micro 
Devices 


First-In First-Out Devices Selector Guide (MIL) 


Low Density FIFOs 


Tech- 
nology 


Part 
Number 


C57401 
57401 
C57401A 
57401A 
C57402 
57402 
C57402A 
57402A 
57C401-12 
57C4013-12 
57C402-12 
57C4023-12 
57C4033-12 


Organ- 
ization 


B 
B 
B 
B 
B 
B 
B 
B 
C 
C 
C 
C 
C 


w 


57413A 


High Density FIFOs t 


Tech- 
nology 


Part 
Number 


Am7200-80 
Am7200-65 
Am7200-50 
Am7200-40 
Am7201-80 
Am7201-65 
Am7201-50 
Am7201-40 
Am7202-80 
Am7202-65 
Am7202-50 
Am7202-40 
Am7203-80 
Am7203-65 
Am7203-50 
Am7203-40 


Organ- 
ization 


C 
C 
C 
Cc 
C 
C 
C 
C 
C 
C 
C 
C 
C 
Cc 
C 
C 


Notes: 
Technology: 
B — Bipolar 
C —CMOS 


C — Cascadable 
S — Standalone 


ei We tas 


~ 


- 


Qa. G4. G4. ce. Cc. GC. Ce. Ce 


wn 
= 


Package 
Type 


CRE Le he hele he helee oe yh eh oe oie Bo 
x KK KK OK OK OK OK OK OK OK OK OK OK OK 


Package ype: 

X, J - Ceramic DIP 

L - Ceramic Leadless Chip Carrier 
W - Ceramic Flat Pack 


LCC 


Pin 
Count 


) 
) 
) 
) 
) 
) 
) 
) 


Features: 
TSO — Three State Output 
TPO — Totem Pole Output 


TPO 

TPO 

TPO 

TPO 

TPO 

TPO 

TPO 

TPO 

TPO Low Power, RAM Based 
TSO Low Power, RAM Based 
TSO Low Power, RAM Based 
TSO Low Power, RAM Based 
TSO Low Power, RAM Based, 
Status Flags 

TSO, Status Flags 


TSO Access Time = 80 ns, Status Flags 
TSO Access Time = 65 ns, Status Flags 
TSO Access Time = 50 ns, Status Flags 
TSO Access Time = 40 ns, Status Flags 
TSO Access Time = 80 ns, Status Flags 
TSO Access Time = 65 ns, Status Flags 
TSO Access Time = 50 ns, Status Flags 
TSO Access Time = 40 ns, Status Flags 
TSO Access Time = 80 ns, Status Flags 
TSO Access Time = 65 ns, Status Flags 
TSO Access Time = 50 ns, Status Flags 
TSO Access Time = 40 ns, Status Flags 
TSO Access Time = 80 ns, Status Flags 
TSO Access Time = 65 ns, Status Flags 
TSO Access Time = 50 ns, Status Flags 
TSO Access Time = 40 ns, Status Flags 


t In development. 
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Military Specialty Memory 


JAN 38510 and Standard Military 
Drawing Program 


AMD is an active participant in the JAN 38510 and Standard 
Military Drawing (SMD) Program. The idea behind the SMD 
Program is to standardize MIL-STD-883, Class B microcircuits 
where fully qualified JAN product is not available. The advantage 
to the user is that SMDs are a cost effective alternative to source 
control drawings and are offered as off-the-shelf stocking items 
by IC manufacturers participating in the program. 


Standard Military Drawings should always be considered to 
improve availability over source control drawings. It is standard 
practice at AMD to convert our 883, Class B processing to SMDs 


for all products which we are approved to supply. AMD then dual 
marks these devices with both the SMD number and the Generic 
Part Number. DESC approved products can then be procured to 
either part number as standard product through both OEM and 
Distributor channels. 


The following cross reference will allow you to determine the 
appropriate SMD and JAN Drawing for each FIFO device. AMD 
will continue to work closely withe DESC, generating new draw- 
ings, which will provide a steady flow of advanced technology 
products to standardized specifications. 


MIL-M-38510 Slash Sheet Cross Reference for AMD Generic Part Number 


eo [ime [tae vem ||| me] me f | 


16L8A | 16R8A | 16R6A | 16R4A eS 16L8A-2 | 16R8A-2 | 16R8A-2 |16R4A-2 
[sss [en [amen [zonea fam] tt | | | 


Standard Military Drawing Generic Part Type Cross Reference 


5962-8779101EX 
5962-87791012X 
5962-8779102VX 
5962-87791022X 
5962-8779103EX 
5962-87791032X 
5962-8779104VX 
5962-87791042X 
5962-8779105EX 
5962-87791052X 
5962-8779106VX 
5962-87791062X 
5962-8779107EX 
5962-87791072X 
5962-8779108VX 
5962-87791082X 
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STANDARD MILITARY GENERIC JAN REPLACEMENT 
PART NUMBER PART NUMBER NUMBER 


57401J/883B 
57401L/883B 
57402J/883B 
57402L/883B 
57401AJ/883B 
57401AL/883B 
57402AJ/883B 
57402AL/883B 
C57401J/883B. 
C57401L/883B 
C57402J/883B 
C57402L/883B 
C57401AJ/883B 
C57401AL/8836 
C57402AJ/883B 
C57402AL/883B 


MMI 
PACKAGE 


DESIGNATOR PACKAGE TYPE 


CERAMIC DIP 
CERAMIC FLATPACK 
CERAMIC LEADLESS CHIP CARRIER 


Product Introduction Procedures 


All new products released by the Military Products Division must 
successfully pass Mil-Std-883 Class B processing prior to new 
product announcement. This practice allows us to do checkout 
of bonding diagrams, electrical test tapes and burn circuits in a 
manufacturing environment. Programmability is checked when 
applicable. Our Military Engineering Department reviews electri- 
cal data to insure performance and yields to military data sheet 
limits are acceptable, prior to new product release. This proce- 
dure allows MPD to keep manufacturing start-up problems to a 
minimum on new product orders. 


Standard Processing Flows 


MPD Processing and Screening flows are organized to provide a 
broad selection of processing options, structured around the most 
commonly requested customer flows. 


Standard processing flows for the Military Products Division 
include: 


MPD Modified Level S 
JAN 38510 Class B 
Military Drawing Program 
Mil-Std-883 Class B 


In addition, these flows are expanded to provide for factory 
programming on PAL circuits, when required by our customers. 


Major benefits can be realized by ordering product to standard 
flows whenever possible: 


¢ Minimize need for source control drawings. 

¢ Costsavings on unit cost—no price adders for custom process- 
ing. 

¢ Improved lead time—no spec review or negotiation time, plus 
the ability to pull product from various work-in-process stages 
or purchase product from finished goods inventory. 


For you reference, we have included our Modified Levels flow, our 
Mil-Std-883 Class B flow and our Mil- Temp Product flow. 


It is the policy of AMD, to always operate to the most current 
revision of Mil-M-38510 and Mil-Std-883. 


Military Specialty Memory 


STANDARD MIL-SPEC 
LEAD FINISH 


DESIGNATOR 


SOLDER DIP 
SOLDER DIP 
SOLDER DIP 


Manufacturing and Screening 
Locations 


JAN Products, MPD Modified Level “S”, and customer orders 
which call for U.S.A. assembly, are manufactured in our DESC 
certified line in Sunnyvale, California. 


MIL-STD-883 Class B products, and orders to source control 
drawings, where stateside build is not required, are assembled at 
our Penang, Malaysia facility. This facility is qualified by AMD 
Quality Department, as well as by many of our customers, to 
manufacture MIL-STD-883 Class B product. Conformance to 
MIL-STD-883 requirements is routinely monitored through audits 
at the Penang facility as well as incoming inspections in Sun- 
nyvale. Manufacturing capabilities for each AMD facility are 
highlighted on the chart below. 


To identify the assembly location of each military device, the 
Country of origin is marked on all products prior to shipment. 
Products assembled in our stateside facility in Sunnyvale, Califor- 
nia, will have “USA” marked on the topside of the device. The 
exception to this is JAN 38510 product, which is marked to the 
MIL-M-38510 requirements only. 


Offshore built product, which is manufactured in Penang, Malay- 
sia, will have “Malaysia” or “Malay” marked on the bottom side of 
the device. 


Manufacturing Capabilities 


Assembly 

Precap Inspection 
Environmental Testing 
Electrical Pre-Test 
Burn-in 

Post Burn—In Electricals 
Group A Testing 

Mark 

Factory Programming 
Qualification and Quality 
Conformance Testing 


<x KK KK OK OK OX 


mM MK KOK OK OK OK OK OK OX 
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Military Specialty Memory 


STANDARD MILITARY FLOW CHART 


Method 5004 Method 5004 
ee ee ee eee 
rpaty ocho asenby | 


Non-destruct 100% 
bond pull 
Die shear/ 2019 (sample) SS =2 
Destruct bond pull REJ = 0 


Temperature cycling 1010 100% 1010 100% 
Constant acceleration 2001 test cond. DorE 100% 2001 test cond. DorE 100% 
Y1 orientation only Y1 orientation only 
Seal A) Fine 1014 cond. AorB | 100% 
B) Gross cond. C 
Particle impact noise 2020 cond. A only 100% 
detection (PIND) 


Interim electrical Per application device 100% 
T, = 25°C only 


parameters specification 


X-Ray 2010 two views 100% 
X and Y axis only 


Interim electrical (1) Per applicable device 100% Per applicable device (1) 
parameter specification specification 
T, = 25°C only T, = 25°C only 


1015 Cond. D 100% 1015 Cond. C or D 100% 
T, = +125°C (min) 
Time = 240 hrs 


FFeezoOut | Oplon 
Post electrical Per applicable device 100% Per applicable device 
parameters specification specification 
T, = 25°C only T, = 25°C only 
(delta’s when required) 


Delta calculations Per applicable device 
(when applicable) specification 


Percent defect allowable | DC Parameters DC Parameters 
PDA = 5% or 1 device PDA = 5% or 1 device 
whichever is greater whichever is greater 
Functional Parameters 
PDA = 3% or 1 device 
whichever is greater 


(1) Programming and verification are performed at 25°C only. 
(2) Unprogrammable PAL Devices — AC parameters are tested on programmed sample. 
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Standard Military Flow Chart (Cont'd.) 


| SCREENING MODIFIED LEVEL S REQUIREMENT  tASSB REQUIREMENT 
MIL-STD-883 MIL-STD-883 
METHOD 5004 METHOD 5004 
Final electrical Per applicable device | 100% Per spolcae device 100% 
parameters (hot and specification specification 
cold extremes) 
Sal A) Fine. 1014 cond, AorB 100% 
B) Gross cond C 
Group A lot 5005 Level S. (2) Per applicable 5005 Class B (2) Sample 
device specification every lot 


Group B inspection lot 5005 level S As required 5005 Class B Every 6 weeks 
Group C not applicable 5005 Class B Every 13 weeks 
Group D 5005 level S As required 5005 Class B Every 26 weeks 
Exrternal visual 2009 100% 200 100% 


9 
Generic data available 
in lieu of lot quality 
conformance inspection 


(1) Programming and verification are performed at 25°C only. 
(2) Unprogrammable PAL Devices—AC parameters are tested on programmed sample. 
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Quality Programs 


The Military Product Division quality system conforms to the 
following Mil-Standards: 


Mil-M-38510, Appendix A, “Product Assurance Program” 
Mil-Q-9858, “Quality Program Requirements” 
Mil-I-45208, “Inspection System Requirements” 


AMD facilities in Sunnyvale are certified by the Defense Electron- 
ics Supply Center (DESC), to manufacture and qualify Bipolar 
PROMs and PAL circuits in accordance with Mil-M-38510 Class 
B. This certification was a result of a successful audit of our 
production and quality systems to the stringent requirements of 
MIL-M-38510. 


Quality Assurance 


Following 100% screening, the Military Products Division 
samples all products processed in conformance to Mil-Std-883 
Class B, to the following LTPD levels: 


DC 25°C 
DC+125°C 
DC-55° 


Functional at 25°C 

Functional at Temperature Extremes 
AC 25°C 

AC +125°C 

AC -55° 


The Military Products Division ensures outgoing product quality 
and integrity by performing inspection Lot Group A’s and B’s per 
Mil-Std-883 Method 5005, conducting self audits in all areas 
involved in screening tests per Method 5004 of MIL-STD-883, 
gating all shipments to our customers, and maintaining a calibra- 
tion control system in accordance with Mil-Std-45662. 


For products requiring programming prior to AC tests, testing is 
performed utilizing MIL-M-38510 slash sheet sample plans. 


Product Qualification/Quality 
Conformance Inspection (QCI) 


The Military Products Division has a quality conformance testing 
program in accordance with MIL-STD-883, Method 5005. Quality 
Conformance Testing provides necessary feedback and moni- 
tors several areas: 


* Reliability of Product/Processes 

¢ Vendor Qualification for Raw Materials 

* Customer Quality Requirements 

¢ Maintain Product Qualification 

* Engineering Monitor on Products/Processes 
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Standard procedures for new product release specify that AMD, 
as a minimum, conduct qualification testing per Company Policy 
specification on Product Reliability Qualification (00-019). Once 
qualified, each package type (from each assembly line) and 
device (by technology group as delineated in MIL-M-38510) are 
incorporated into AMD Quality Conformance Inspection program 
which utilizes the requirements of MIL-M-38510. 


When military programs do not require that QCI data be runonthe 
specific lot shipped, AMD Quality Conformance program allows 
customers to obtain generic data on all product families manufac- 
tured by the Military Products Division. Generic Qualification Data 
enables customers to eliminate costly qualification and destruct 
unit charges, and also improves delivery time by a factor of eight 
to ten weeks. The following product data is available: 


Group B - Package Related Tests 


¢ QCI is performed every 6 weeks of manufacture on each 
package type. 

« Any device type in the same package type may be used 
regardless of the specific part number. 

« Purpose: To monitor assembly and device package integrity. 


Group C - Product/Process Related Tests 


* QCI is performed every 13 weeks of manufacture, on 
representative devices from the same microcircuit group. 

* Life test data may be used to qualify similar technologies. 

¢ Purpose: To monitor the reliability of the process and the 
parametric performance for each product technology. 


Group D - In-Depth Package Related Tests 


* QCl is conducted every 26 weeks using devices which 

represent the same package construction and lead finish. 

Any device type in the same package type may be used 

regardless of the specific part number. 

¢ Purpose: To monitor the reliability and integrity of various 
package materials and assembly processes. 


Generic Data 


AMD’s Generic Data Program is based on MIL-M-38510, which 
allows for shipments based on 26 weeks of coverage for Group C 
Testing and 36 weeks of coverage for Group D Testing. 


Should circumstances arise where generic coverage to MIL-M- 
38510 is not possible, AMD reserves the right to ship product 
based on 52 weeks of generic Group C and/or D coverage per 
MIL-Std-883. 


Process Audits 


Process Audits are performed in accordance with Mil-M-38510, 
Appendix A, (self audits) by the Quality Assurance Department. 
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Customer Material Returns 


In order to better service our military customers who must return 
product to the factory, the Military Products Division has estab- 
lished its own customer material returns department. Our goal and 
policies are outlined below so you may know what to expect when 
returning product to MPD. 


Goals 
10 day turn-around to respond to a return. 


* Notification to the customer of any discrepancy relating to 
the return. 

* For returns which cannot be validated, a written notice of 
M.P.D.’s intent to return product will be sent to our customer. 

¢ Product returned to our customer will be accompanied by an 
explanation and/or parametric test data and serialized 
devices. 


Standard Policies 


¢ Product which is returned specifically as electrical failures 
and is not accompanied by test data, will be tested at all 
three temperatures (-55°C, 25°C, and +125°C) 

¢ If no are failures found, the product will be returned to the 
customer. 

* Adevice count is done upon arrival of a return at AMD. 
Credit will be given only for the number of devices received 
by the factory. 

¢ Product returned by the Franchised Distributor for rescreen 
or stock rotation will be accepted only if proper traceability 
paperwork accompanies each lot of product. 

* All returns must be sent to 3625 Peterson Way, Santa Clara, 
CA 95051. Attn: “MPD CMR DEPARTMENT”. 


information Checklist 


The following accompanying a material return will assist us in 
responding to your return in the shortest possible time. 


1. Double check accuracy of device counts. 

2. Identify rejects from good devices, when returned together. 

3. Supply as much detail as you can about the description of the 
electrical failure mode (i.e.: AC Fail, DC Fail, FCT Fail, or 
description of any test numbers used). 

4. Whenever possible, identify dissimilar failures or keep sepa- 
rate devices which fail different parameters by serializing 
failures. 

5. Enclose a copy of any data which you may have taken on the 
failed devices (i.e.: Forcing conditions, temperature tested, 
parameter and value, an address that failed). List what was 
expected vs. what was received. 

6. For programmability failures, please send programming 
masters or a truth table. Also please indicate whether single 
or multiple pulse programming was used and the equipment 
device was programmed on. 

7. What environmental testing was performed. 

8. Failure rates. 


Although our intent is that our customers will never have to use 
these guidelines, if a problem should arise, the Military Products 
Division will strive to disposition and respond to your material 
return as thoroughly and promptly as possible. 


Electrostatic Discharge Control 
Procedures 


The Military Products Division of AMD fully employs static contro! 
procedures throughout its facilities in Penang, Malaysia and 
Sunnyvale, California. 


All manufacturing areas where product is processed or handled, 
including our Reliability Labs, Engineering Labs, etc., have full 
static control such as wrist straps, antistatic smocks, grounded 
stainless steel tables, conductive mats and ion generators wher- 
ever necessary. 


All product is moved throughout our facilities and shipped to 
customers in static shielded containers. 


In addition, MPD distributors must demonstrate that they meetthe 
same stringent standards regarding ESD handling and control 
procedures as the factory. Individual distributor locations are 
audited and approved annually by MPD’s Quality Assurance 
Department. 


An ESD identifier is marked on all products in front of the date 
code, and all shipping containers are labeled with an ESD 
Caution Message. ESD procedures are continually reviewed, to 
ensure that our customers receive only the highest quality prod- 
uct from the Military Products Division. 


Radiation Hardness Program 


1. Radiation Effects 


It has been stated that some level of radiation tolerance will be 
required in up to 50% of all military applications by 1990. Due to 
this increased concern over radiation effects on integrated cir- 
cuits, the Military Products Division has embarked on a program 
to determine what radiation dose rates our circuits will withstand. 


2. Neutron Irradiation 


We have successfully completed neutron radiation testing on our 
Bipolar processes in accordance with Mil-Std-883, Method 1017.2. 
Eleven different device types, which currently represent all our 
Bipolar processes, were parametrically and functionally tested at 
25°C before and after exposure to fluence levels of 2x10'?N/cm?, 
1x10'3 N/cm?, 4x10'3 N/cm? and 1x10'4 N/cm®. Input low current 
(|, ) is the primary measurement of permanent circuit degradation. 
The parametric failures (I,, > 250 1A) seen occurred at relatively 
high fluence levels. Also, no major changes in |, , were noted for 
any circuit. 
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The following is a list of the device types tested: 


The products tested were: 


53S1681 (2048x8 PROM) 

53RA1681A (2048x8 Registered PROM) 

53S$3281 (4096x8 PROM) 

57401A (64x4 FIFO) 

PAL16R4A (High Speed Programmable Array Logic) 

PAL16R4B (Very High Speed Programmable Array 
Logic) 

PAL16R4D (Oxide Isolated Ultra High Speed 
Programmable Array Logic) 

PAL20R4A (High Speed Programmable Array Logic) 

PAL20RA10 (Asynchronous Programmable Array 


Logic) 


All devices passed test limits at 1x10'° N/cm? level, with the 
53RA1681A, 53S3281, and 57401A also passing the 4x10'* N/ 
cm? fluence level. In addition, the 57401A passed test limits at 
1x10'* N/cm? level. 


3. Dose Rate Effects 


Dose rate data has been obtained on our junction isolated Bipolar 
processes. All recovered in 50 to 70 microseconds from a 1 
microsecond pulse of 2x10"° rads (Si) per second. 
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PAL14L8 PAL10L8 
PAL16L6 PAL12L6 
PAL20L10 PAL16L8 
PAL20X10 PAL16R8 
PAL20X8 PAL16R6 
PAL12H6 PAL16R4 
PAL14H4 


4. Future Radiation Testing 
Our future test plans include: 

* Total Dose 

¢ Single Event Upset 


* Latch-up and Burn-out 


AMD’s new Bipolar and CMOS processes may be radiation tested 
after production release. 


Detailed neutron and dose rate radiation datais available fromthe 
Military Products Division. 
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JAN 38510 and STANDARD MILITARY DRAWING PROGRAM 


STANDARD MILITARY DRAWING NUMBERING SYSTEM 


81035 01 


DRAWING NUMBER FOR 
PRODUCT FAMILY 
81035 = Small 20 Pin PAL Devices 
81036 = Med. 20 Pin A, A-2 PAL Devices 
84129 = 24 Pin A, XA, A-2 PAL Devices 
85065 = Medium 20 Pin A-4 PAL Devices 
5962-85155 = Medium 20 Pin, B, B-2 and D PAL Devices 
*** 5962-86803 = 24 RA Pin PAL Devices 
*** 5962-86804 = Small 24 Pin PAL Devices 
*** 5962-87671 = 24 Pin B PAL Devices 
*** 5962-87791 = 64x4/5 FIFO 
DEVICE TYPES 


*** SMDs Being Generated 


L A 


LEAD FINISH 
A = Hot Solder Dip 
X = Any Lead Finish 


PACKAGE TYPES 
K = 24 Lead 3/8" x 5/8" Cerpack 
L = 24 Lead 1/4" x 1 1/4" SKINNYDIP 
R = 20 Lead 1/4" x 1 1/16" DIP 
S = 20 Lead 1/4” x 1/2" Cerpack 
2 = 20 Terminal .350 x .350 LCC 
3 = 28 Terminal .450 x .450 LCC 


JAN PART NUMBERING SYSTEM 
JM 38510 / 503 01 BRA 


JAN DESIGNATOR 
Part cannot be marked with a 
“J” unless qualified and approved 
for listing on QPL. 
GENERAL PROCUREMENT 
REFERS TO DETAILED SPEC 


503 = Programmable Array Logic 
504 = Programmable Array Logic 
505 = Programmable Array Logic 


DEFINES DEVICE TYPES 


PART NUMBER INTERPRETATION: 


LEAD FINISH 
A = Hot Solder Dip 
X = Any Lead Finish 


PACKAGE TYPES 
R = 20-Lead 
1/4" x 1 1/16" DIP 
L = 24-Lead 
1/4" x 1 1/4" SKINNYDIP 
2 = 20-Terminal 
0.35 x 0.35 LCC 
3 = 28-Terminal 
0.450 x 0.450 LCC 


PROCESSING LEVEL 
Class B 


When ordering to JAN 38510 and Military Drawing numbers, the lead finish designator (last letter in part number) is commonly called 
out as "X". This is a way of stating that the customer will accept the standard manufacturer's lead finish for the package orders. "X" is 
not a lead finish designator in itself, therefore, when product is shipped, the actual lead finish designator will be marked on the devices. 
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C57401 C57401A C57402 C57402A 


ct 


57401 57401 A 57402 57402A Advanced 
Military Standard FIFOs 64x4 64x5 Micro 
Cascadable & Standalone Memory Devices 


DISTINCTIVE CHARACTERISTICS 


Choice of 7 or 10 MHz shift-out/shift-in rates 
Choice of standalone or cascadable devices 
Choice of 4-bit or 5-bit data width 

TTL Inputs and outputs 


Cascadable devices readily expandable in the 
word and bit dimension 


Standalone devices expandable in the word 


Structured pinouts. Output pins directly oppo- 
site corresponding inputs pins 


Asynchronous operation 


Dose rate (transient upset) junction-isolated 
bipolar process 2x10"° RADs (Si)/s recovery 
time of 50 to 70 us from a ips pulse 


Neutron fluence (permanent damage): 
1x10"? N/cm? 


dimension only 


GENERAL DESCRIPTION 

The C/57401/1A and C57402/2A are “fall through” high- 
speed First-In First-Out (FIFO) memories organized 64 
words by 4 bits and 64 words by 5 bits respectively. 


FIFO word width and depth are expandable on cas- 
cadable devices. Standalone devices are expandable 
in word width only. 


Ordering Information 


PACKAGE MIL-M-38510 |CASCADABLE/ 

PART NUMBER TYPE CASE OUTLINE | STANDALONE 
57401* 16 

CL 020 Leadless Chip Carrier 


57401 A* 16 


DESCRIPTION 


7 MHz 64X4 FIFO 


10 MHz 64X4 FIFO 


Standalone 


Standalone 


Standalone 


CL 020 Leadless Chip Carrier C-2 
whe ceded car eos a 
mie. (jg ee 
CL 020 Leadless Chip Carrier C-2 
57402A 
~CL020 | Leadless Chip Carrier C 


C57401* 16 

CL 020 Leadless Chip Carrier 
ee bee 

CL 020 Leadless Chip Carrier C-2 
on ea 


CL 020 Leadless Chip Carrier Cascadable 


CL 020 Leadless Chip Carrier C-2 Cascadable 


Standalone 


7 MHz 64X5 FIFO 


Standalone 


Standalone 
10 MHz 64X5 FIFO 


7 MHz 64X4 FIFO 


Standalone 


NO 


Cascadable 
Cascadable 
Cascadable 


10 MHz 64X4 FIFO 
Cascadable 


? 
Nh 


7 MHz 64X5 FIFO 


C57402A 


* Also available in Ceramic Flatpackage. Contact factory for detail. 
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Publication # Rev. Amendment 
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BLOCK DIAGRAMS 
DIP Pinout 57401 57401A C57401  C57401A 


62 X 4 BIT 
REGISTER 


MASTER RESET 


57402 57402A C57402 C57402A 


62 X 5 BIT 
REGISTER 


east 


REGISTER 
CONTROL 
LOGIC 


505 127 
MASTER RESET 
CONNECTION DIAGRAMS 
INPUT SHIFT 
READY OUT 
nc [7] ie] VCC 
INPUT READY [2] 5] SHIFT OUT 
SHIFT IN [3] secies 14] OUTPUT READY 
oe] seen fl 
pata | C1] ¢87401A fiz] on SEM 
IN) v2 [el] it] 02 
D3 ex 
GND [8 | 19 |] MASTER RESET 
D3 GND MR O03 NC 
INPUT SHIFT 
READY OUT 
ia] VCC 
SHIFT OUT 
16] OUTPUT READY 
15] OO 
14] O14 
3] O2 $ OUTPUTS 
112] O8 
ii] 04 
to] MASTER RESET D4GND MR 04 NC 605 129 
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ABSOLUTE MAXIMUM RATINGS Stresses greater than those listed under “Absolute Maximum 


Ratings” may cause permanent damage to the device. This is 


SUPP VONAGO V5 5 ccssasaszecsnvdeassss vseseverseencaeptnurs -0.5Vto7V a stress rating only, and a functional operation of the device at 
Input voltage oa buaNSE 65) thantbacocvacsecpstpeurdcsorerccsetuspecans -15Vto7V these or any other conditions above those indicated in the 
Off-state OUtpUt VOHAGE ..............ceeeeeeeeeeeeseteeees -0.5Vto5.5V operational sections of this specification is not implied. Expo- 
Storage Temperature ...........ccccecesssseeeeeeeee —65°C to +150°C sure to absolute maximum rating conditions for extended 


periods of time may affect reliability. Absolute maximum 
ratings are for system design reference; parameters given are 


OPERATING CONDITIONS 57401/2 


not tested. 


[re | tan ptr | ve 
Figure Min Typ Max 

oc") eee ee aa eee eae 
| pommiepmmenn 2 = ee 
| Sie 


Master Reset pulset 


Instant-On Case Temperature 
** tugs iS measured on initial characterization lots only and is not directly tested in production. 


SWITCHING CHARACTERISITCS 57401/2 Over Operating Conditions 


Military 
Parameter Figure Min Max 


Shift In to Input Ready LOW 

in’ | SitinompaRewynoH ft 
Tou! | ShitOutto OupurReasytOw CYS] 
tom? | Sh OwtoOupaReseyHGH «| # | SS~SOS 
ow | Opus Hl revs word) 


Master Reset to OR LOW 
Master Reset to IR HIGH 


Input Ready pulse HIGH 


Output Ready pulse HIGH 


t See AC test and high speed application note. 


* tp, and t.,,, are measured on initial characterization lots only and are not directly tested in production. 
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ABSOLUTE MAXIMUM RATINGS Stresses greater than those listed under “Absolute Maximum 


Ratings” may cause permanent damage to the device. This is 


bea bet Mocs aasiausvsiens oma temuessdn saenseoeae ae ; to 7 . 9 stress rating only, and a functional operation of the device at 
PDPUT VOTAQGG «.....ccevcvescscerccscsetceonscnscesboveversvesnenscse 1.5 Vto7 these or any other conditions above those indicated in the 
Off state output voltage dpedentededabesteutdsdeencseepevers -0.5Vto5.5V operational sections of this specification is not implied. Expo- 
Storage temperature ...........cceecceceeeeeeseeeeees —65°C to +150°C sure to absolute maximum rating conditions for extended 


periods of time may affect reliability. Absolute maximum 
ratings are for system design reference; parameters given are 
not tested. 


OPERATING CONDITIONS 574014/2A 


sea 
Symbol Parameter 


— ee voltage 


Shift in LOW time 


Input data setup 


Input data hold time 


fae | See SS 
Shift Out rate 

Shift Out HIGH time 

Shift Out LOW time pe ie anita: whi bie) ae 


Master Reset pulse 


* Instant-On Case Temperature 
** tus iS measured on initial characterization lots only and is not directly tested in production. 


SWITCHING CHARACTERISTICS 57401A/2A Over Operating Conditions 


Military 
Parameter Figure Min Max 


Cat | Stinwnpurewnow TY 
a 


— Output Data Hold (previous word) 


Output Data Shift (next word) REE ad 
Data throughput or “fall through” Poe ae 


Master Reset to OR LOW 
Master Reset to IR HIGH 


Leta Input Ready pulse HIGH 
| town * | Output Ready pulse HIGH 


t+ See AC test and high speed application note. 
* tip, and to,,, are measured on initial characterization lots only and are not directly tested in production. 
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ABSOLUTE MAXIMUM RATINGS Stresses greater than those listed under “Absolute Maximum 


Ratings” may cause permanent damage to the device. This is 


SUNY VORMGG OW «0. ssdstescconsvessescoseacasssspestacvenasers -0.5Vto7V a stress rating only, and a functional operation of the device at 
HESSEN OMRLMGION So cesoe sosissccagecssakies s9ssbiseap akin Gjavectnpnans -15Vto7V these or any other conditions above those indicated in the 
Off state output Voltage ............. ese ceeecececeseseeees -0.5Vto5.5V operational sections of this specification is not implied. Expo- 
Storage temperature .............ccccecesseceesneeeeeees -—65°C to+150°C — sure to absolute maximum rating conditions for extended 


periods of time may affect reliability. Absolute maximum 
ratings are for system design reference; parameters given are 
not tested. 


OPERATING CONDITIONS c57401/2 


Military 
Symbol Parameter Figure Min Typ Max 
i ee Le eee 


Vig Supply voltage 


t 
toy 


Ce Shift in LOW time 
Input data setup 


i eee 
ee 
eee Se ee 
2 oe eee ee 
ete 2 es oe 
Pee ee 
Hie ee 


z 


S61 ee ee ee ee 
— een eee 


* Instant-On Case Temperature 
** tuas iS measured on initial characterization lots only and is not directly tested in production. 


SWITCHING CHARACTERISTICS ¢57401/2 Over Operating Conditions 


Military 
Parameter Min Max 


Shift In to Input Ready LOW 


t See AC test and high speed application note. 


* This parameter applies to FIFOs communicating with each other in a cascaded mode. t,,,, and t,,,, are measured on initial 
characterization lots only and are not directly tested in production. 
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ABSOLUTE MAXIMUM RATINGS 


Stresses greater than those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. This is 


en oo | NS CC Rail eS ie isc ee oe , to : . a stress rating only, and a functional operation of the device at 
EUR PIRE. WRSUMINEDOD woices anyunevsscnd obese sicudcancccepeacevobasepavonans ‘ to these or any other conditions above those indicated in the 
Off-state Output Voltage ............ ee eceeseseeeeeeeees -0.5Vto5.5V operational sections of this specification is not implied. Expo- 
Storage temperature ............ceecececesesesenseeees —65°C to +150°C sure to absolute maximum rating conditions for extended 


periods of time may affect reliability. Absolute maximum 
ratings are for system design reference; parameters given are 
not tested. 


OPERATING CONDITIONS cC57401A/2A 


Military 
Symbol Parameter Figure Min Typ Max 


~ — OO ee ee 
ee 


=* 


a ee Out rate 
tan’ Shift Out HIGH time 


Shift Out LOW time 


* Instant-On Case Temperature 
** t... is measured on initial characterization lots only and is not directly tested in production. 


MRS 


SWITCHING CHARACTERISTICS €57401A/2A Over Operating Conditions 


Military 
Symbol Parameter Figure Min Max 


| 

Cig. Sei ne 

er 

Sores Ameen 

oem 

ST 
Sua ei aT 
Roce ears Se meee es 
ome mae 


Master Reset to IR HIGH 


Input Ready pulse HIGH 
Output Ready pulse HIGH | ons | 


t+ See AC test and high speed application note. 
* This parameter applies to FIFOs communicating with each other in a cascaded mode. t,,,andt,, 
characterization lots only and are not directly tested in production. 


Master Reset to OR LOW 


4 are measured on initial 


C57401/A C57402/A 57401/A 57402/A 2-197 


TEST LOAD FOR ALL DEVICES 


5V 
Input pulse 0 to 3 V. 5602 
Input Rise and Fall Time (10%-90%). 
5 ns minimum. TEST POINT* 
Measurements made at 1.5 V. 1.1KQ 27-30 pF 


505 133 


* The “TEST POINT” is driven by the output under test, and 
observed by instrumentation. 


DC CHARACTERISTICS Over Operating Conditions For all Devices 


oo _——Scesee 2 TS 


High-level input voltage V 


Low-level input current Voc = MAX V, = 0.45 V 
£3 -level input current = MAX V=2.4V 


OTE Ag | 


mA 
pA 
mA 


| 

me 

ee 

Buel ae ee 
ge 


mA 


Supply current Voc = MAX 


Inputs low, 


outputs open. 


C57402 
C57402A 


* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

t V,, and V,,, are input conditions of output tests and are not themselves directly tested. V,, and V,,, are absolute voltages 
with respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these 
values without suitable equipment. 
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FUNCTIONAL DESCRIPTION 


Data Input 


After power up the Master Reset is pulsed low (Fig 8) to 
prepare the FIFO to accept data in the first location. 
When Input Ready (IR) is HIGH the location is ready to 
accept data from the D, inputs. Data then present at the 
data inputs is entered into the first location when the 
Shift-In (Sl) is brought HIGH. A SI HIGH signal causes 
the IR to go LOW. Data remains at the first location until 
SI is brought low. When SI is brought LOW and the 
FIFO is not full, IR will go HIGH, indicating that more 
room is available. Simultaneously, data will propagate 
to the second location and continue shifting until it 
reaches the output stage or a full location. The first 
word is present at the outputs before a Shift-Out is 
applied. If the memory is full, IR will remain LOW. 


Data Transfer 

Once data is entered into the second cell, the transfer of 
any full cell to the adjacent (downstream) empty cell is 
automatic, activated by an on-chip control. Thus data 
will stack up at the end of the device while empty 
locations will “bubble” to the front. t,, defines the time 
required for the first data to travel from input to the 
output of a previously empty device. 


Data Output 

Data is read from the O, outputs. When data is shifted 
to the output stage, Output Ready (OR) goes HIGH, 
indicating the presence of valid data. When the OR is 
HIGH, data may be shifted out by bringing the Shift Out 
(SO) HIGH. A HIGH signal at SO causes the OR to go 
LOW. Valid data is maintained while the SO is HIGH. 
When SO is brought LOW the upstream data, provided 
that stage has valid data, is shifted to the output stage. 


When new valid data is shifted to the output stage, OR 
goes HIGH. Ifthe FIFO is emptied, OR stays LOW, and 
O, remains as before (i.e. data does not change if FIFO 
is empty). Input Ready and Output Ready may also be 
used as status signals indicating that the FIFO is 
completely full (Input Ready stays LOW for at least t.,) 
or completely empty (Output Ready stays LOW for at 
least t,,). 


AC Test and High Speed App. Notes 

Since the FIFO is a very-high-speed device, care must 
be exercised in the design of the hardware and the 
timing utilized within the design. The internal shift rate 
of the FIFO typically exceeds 20 MHz in operation. 
Device grounding and decoupling is crucial to correct 
operation as the FIFO will respond to very small glitches 
due to long reflective lines, high capacitance and/or 
poor supply decoupling and grounding. We recom- 
mend a monolithic ceramic capacitor of 0.1 uF directly 
between V,,. and GND with very short lead length. In 
addition, care must be exercised in how the timing is set 
up and how the parameters are measured. For ex- 
ample, since an AND gate function is associated with 
both the Shift-In-Input Ready combination, as well as 
the Shift-Out-Output Ready combination, timing meas- 
urements may be misleading, i.e. rising edge of the 
Shift-In pulse is not recognized until Input-Ready is 
High. If Input-Ready is not high due to too high a fre- 
quency or FIFO being full or affected by Master Reset, 
the Shift-In activity will be ignored. This will affect the 
device from a functional standpoint, and will also cause 
the “effective” timing of Input Data Time (t,,,,) and the 
next activity of the Input Ready (t,,,) to be extended re- 
lative to Shift In going High. This same type of problem 
is also related to t,,,,, top, and to,,, as related to Shift-Out. 


LIFE TEST/ BURN-IN CIRCUITS 
Military Burn-in 


Military burn-in is in accordance with the current revision of MIL-STD-883. Test method 1015, conditions A through 


E. Test conditions are selected at AMD’s option. 


Dynamic Burn-in Circuitry 


57401 57402 
57401A 57402A 
C57401 C57402 

C57401A C57402A 


3 
4 
5 
6 
7 
8 
9 


To @ 120°C 
Vog = 5.25 + 0.25 V 
Square wave pulses on A, to A, are: 
50% + 15% duty cycle 
Logic “0” =-1 Vto 0.7 V 
Logic “1” =2.4Vto V,, 
Frequency of each address is to be one-half of 
each preceding input, with A, beginning at 100 
kHZ. 
e.g., A, = 100 kHz 
A, = 50 kHz + 10% 
A, = 25 kHz + 10% 
A, = 1/2 A__, + 10%, ete. 


aad tay 


C57401/A C57402/A 


57401/A 57402/A 2-199 


INPUT DATA 


505 136 
SHIFT IN 
INPUT READY 
“rom RRNA RRKRRER 
505 137 


1. Input Ready HIGH indicates space is available and a Shift-In pulse may be applied. 
2. Input Data is loaded into the first word. 

3. Input Ready goes LOW indicating the first word is full. 

4. The Data from the first word is released for “fall-through” to second word. 

5 


The Data from the first word is transferred to second word. The first word is now empty as indicated by Input 
Ready HIGH. 


5B. If the second word is already full then the Data remains at the first word. Since the FIFO is now full InputReady 
remains low. 


Note: Shift in pulses applied while input Ready is LOW will be ignored (See Figure 3). 


Figure 2. The Mechanism of Shifting Data into the FIFO 


SHIFT OUT 


SHIFT IN / = 


INPUT READY —_1) ter He SS tip ——> 
OOOO KAKAAX OY XXX 


FIFO is initially full. ee 
Shift Out pulse is applied. An empty location starts “bubbling” to the front. 
Shift in is held HIGH. 


As soon as Input Ready becomes HIGH the input Data is loaded into the first word. 
The Data from the first word is released for “fall through” to second word. 


INPUT DATA 


dd byallt sts Gem 


Figure 3. Data is Shifted in Whenever Shift In and Input Ready Are Both HIGH 
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SHIFT OUT 


OUTPUT READY 


OUTPUT DATA 


[soar [eon XX 
Baz | 

1. The diagram assumes that at this time words 63, 62, 61 are loaded with A, B, C Data, respectively. 
2. Data is shifted out when Shift Out makes a HIGH to LOW transition. 


| 505 139 


Figure 4. Output Timing 


SHIFT OUT 


OUTPUT READY 


OUTPUT DATA 


1. Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 
2. Shift-Out goes HIGH causing the next step. 

3. Output ready goes LOW. 

4. Contents of word 62 (B-DATA) is released for “fall-through” to word 63. 

5A. Output ready goes HIGH indicating that new data (B) is now available at the FIFO outputs. 


5B. If the FIFO has only one word loaded (A-DATA) then Output Ready stays LOW and the A-DATA remains 
unchanged at the outputs. 


Note: Shift Out pulses applied when Output Ready is LOW will be ignored (Figure 7). 


Figure 5. The Mechanism of Shifting Data Out of the FIFO 
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SHIFT iN 


—— tpt 
OUTPUT READY 


a 605 141 
1. FIFO initially empty. 


Figure 6. t,, and t,,,, Specification 


SHIFT OUT \ 


OUTPUT EADY so. 


SePATTDRTA 7 a FG 


505 142 
1. Word 63 is empty. 
2. New data (A) arrives at the outputs (word 63). 
3. Output Ready goes HIGH indicating arrival of new data. 
4. Since Shift Out is held HIGH. Output Ready goes immediately LOW. 
5. Assoon as Shift Out goes LOW the Output Data is subject to change as shown by the dashed line on Output 
Ready. 
Figure 7. Data is Shifted Out Whenever Shift Out and Output Ready Are Both HIGH 
MASTER RESET 
INPUT READY 
OUTPUT READY 


tmRs 


SHIFT IN 


505 143 
1. FIFO initially full. 


Figure 8. Master Reset Timing 
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INPUT READY 
SHIFT IN 


DATA IN 


MASTER RESET o 


SHIFT OUT 
OUTPUT READY 


! DATA IN 


505 144 


Figure 9. Cascading FIFOs to Form 128X4 FIFO with C57401/A 


Cascadable FIFOs can be easily cascaded to any desired depth. The handshaking and associated timing between the FIFOs 
are handled by the FIFOs themselves. 


SHIFT OUT 
COMPOSITE 
INPUT COMPOSITE 
READY OUTPUT 
READY 
SHIFT IN 
MASTER RESET 
Figure 10. 192X12 FIFO with C57401/A 505 145 


Cascadable FIFOs are expandable in depth and width. However, in forming wider words two external gates are required to 
generate composite Input and Output Ready flags. This need is due to the different fall-through times of the FIFOs. 
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57413A 


Military First-In First-Out (FIFO) 64x5 Memory 25MHz (Standalone) 


Conforms to Mil-Std-883, Class B* 


DISTINCTIVE CHARACTERISTICS 

» High-speed 25 MHz shift-in/shift-out rates 

* High-drive capability 

* Three-state outputs 

¢ Half-Full and Almost-Full/Empty status flags 


« Structured pinouts, Output pins directly oppo- 
site corresponding Input pins 


« Asynchronous operation 
« TTL-compatible Inputs and Outputs 


* Dose rate (transient upset) junction-isolated 
bipolar process 2x10'° RADs (Si)/s recovery 
time of 50 to 70 is from 1 ys pulse 


¢ Neutron fluence (permanent damage): 1x10" 
N/cm2 


ORDERING INFORMATION 


57413 A J /883B 


ct 


Advanced 
Micro 
Devices 


GENERAL DESCRIPTION 

The 57413A is a high-speed, 64x5 First-In-First-Out 
(FIFO) memory which operates at a 25 MHz input/output 
rate. The data is loaded and emptied on first-in-first-out 
basis. It is a three-state device with high-drive (I, = 
12 mA) data outputs. This device can be connected in 
parallel to give FIFOs of any word length. It has a Half- 
Full flag (thirty-two or more words full) and an almost full/ 
empty flag (fifty-six or more words or eight or less words). 
The main applications of the 57413A are rate buffers; 
sourcing and absorbing data at different rates. Other 
applications are high-speed tape and disk controllers, 
data communications systems and plotter control 
systems. 


PIN CONFIGURATION 


OE voc 


HALF FULL 19} ALMOST FULL/EMPTY 


TEMPERATURE CODE PROCESSING 
57 = -55 °C TO 125 °C /883B = MIL-STD-883, INPUT READY SHIFT OUT 
Class B 
PART NUMBER SHIFT IN OUTPUT READY 
PACKAGE 
SPEED ; DO 00 
A w Enhanced J = Ceramic DIP - CD 020 zs = Zs 
INPUT OUTPUT 
505 146 DATA 4 D2 14] 02 + DATA 
D3 13] 03 
D4 12} 04 
GND 11] MASTER RESET 
505 147 
BLOCK DIAGRAM 
DIP Pinout 
DO 
D1 
D2 
D3 
D4 
INPUT READY SHIFT OUT 
SHIFT IN OUTPUT READY 
505 148 HALF FULL | 2 19 | ALMOST FULL/ 
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Publication # Rev. Amendment 
11816 A /0 
Issue Date: January 1989 


Absolute Maximum Ratings* 


IRN a ON Nk oyu nn cnc omega 34575 aad So ShsapaenNEnICEcs GV ginssesp sib usp apcereosemeaotnssoeasipaanauacabetiabGcaseieressnberes -0.5Vto7V 
i ee NIN sai cassa sense crsst ca eavaniicierianesecssianssdapipik Gamal wsdae Saban aie -1.5Vto7V 
SFr OA EIS VINO 5 5 cdc cacas chad sn scaacen sak sn ccuaids vacations anata cnaaon tnehtda bu as is casdansnabictesiesinktaustssbustoschsancabaawtunFeaTs -0.5Vto5.5V 
SNA MMESID SURTEIEMACENRI IDS aise cinassesinaiigcuuas:cornccavatossud cosy inrsacoaueasdoxsudestnvsepepeeie co vicesseleteliciuvdiae toseuskasocsisertaivangh Seabed otrcaoaks —65°C to +150°C 
“Note: 


Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is astress 
rating only, and functional operation of the device at these or any other conditions above those indicated in the operational sections 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect 
reliability. Absolute maximum ratings are for system design reference; parameters given are not tested. 


Operating Conditions 


ej ee — | OPIN ep eee Ag 
owe a 
as a ee 
ee 
mee Pe 
CL a 
Bas 


* V,, and V,,, are input conditions of output tests and are not themselves directly tested. V,, and V,,, are absolute voltages 
with respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these 
values without suitable equipment. 

** tuns iS measured on initial characterization lots only and is not directly tested in production. 

t See AC test and high speed application note. 

*** Instant-On Case temperature. 


505022 
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DC Characteristics Over Operating Conditions Conforms to MIL-STD-883; Group A, Subgroups 1, 2, & 3. 


_Symbot_| Parameter Test Conditions Min Max | Unit 
Low-level input current Voc = MAX V, = 0.45 V | 850 | BA | 
ce ae High-level input current Veg = MAX V=2.4V cp ie Re AER 


I5, (Data outputs) 


Output short-circuit Voc = MAX Vo=0V 
current 

on eas Vig=MAX | Vo=2.4V 
Off-state output current 


Supply current Voc = MAX, inputs low, outputs open pc oe AOA 


* Not more than one output should be shorted at a time and the duration of the short-circuit should not exceed one second. 
** See curve for |... vs. temp. 


t+ Care should be taken to minimize as much as possible the DC and capacitive load on IR and OR when operating at 
frequencies above 25 MHz. 


Switching Characteristics Over Operating Conditions Conforms to MIL-STD-883; Group A, Subgroups 9, 10, 11. 


Lo a ee eee eee ee ee 


tt Shift In J to Input Ready HIGH 


Shift Out T to Output Ready LOW oa es 
Shift Out | to Output Ready HIGH ae ee oe 
aa 2) a Be ee ee ee 
tons | Seat Duis Sha nert word Si cee Cee ame 
Sac bc ja lon lata fe Le eee ow asa 
Master Reset | to Output Ready LOW ft eee ee ee 


Master Reset J to Outputs LOW 
* If the FIFO is not full (IR High), MR low forces IR low, followed by IR returning high when MR goes high. 
t See AC test and high-speed application note. 
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Switching Characteristics Over Operating Conditions (Cont.) 


a 


Shift Out T to AF/E LOW 
Shift In T to AF/E HIGH 
tyes’ | Shift In T to HF HIGH 


Shift Out T to HF LOW 


Note: Input rise and fall time (10%—90%) = 2.5 ns. Conforms to MIL-STD-883; Group A, Subgroups 9, 10, & 11. 
* See timing diagram for explanation of parameters. 
** Actual test limits mabe be different to compensate for ATE. 


Standard Test Load Design Test Load 
5V TEST POINT 5V 
2 KQ 
OUTPUT TEST POINT 
OUTPUT 

Input Pulse Amplitude = 3 V 

Input Rise and Fall Time (10% — 90%) = 2.5 ns 30 pF 

Measurements made at 1.5 V | 


=i 505 149 


Three State Test Load* 


Voc OUTPUT ENABLE 
TEST POINT* : 


S1 WAVEFORM 1 


OUTPUT 
WAVEFORM 2 


Vr =1.3V 


Waveform 1 is for an output with internal conditions such that 
the output is low except when disabled by the output control. 


$2 Waveform 2 is for an output with internal conditions such that 
the output is high except when disabled by the output control. 
505 108 = 505 150 
* Equivalent test loads may be used for automatic testing Figure A. Enable and Disable 
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Typical |. vs Temperature (V_,, = MAX) 


230 
Pe tor et 
IN 
ne eee 
x be: 


é 57413A(Voc = 5.5V) 


200 
loc (MA) 
190 


180 


170 


160 


CASE TEMPERATURE (°C) 
505 151 


Military Case Outlines 


CONFORMS TO 
PACKAGE OUTLINE MIL-M-38510F 
LETTER APPENDIX C 
CASE 


Military Burn-in 
Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. Test 
conditions are selected at AMD’s option. 


Dynamic Burn-in Circuitry 


5 eee = 125°C 

Voce = 5-25 + 0.25 V 

Square wave pulses on A, to A, are: 

1. 50% + 15% duty cycle 

. Logic “0” =-1 Vto 0.7 V 

. Logic “1"=2.4VtoV,, 

. Frequency of each address is to be one-half of each 
preceding input, with A, beginning at 100 kHZ. 
e.g., A, = 100 kHz 

A, = 50 kHz + 10% 
A, = 25 kHz + 10% 
505 152 A,=1/2A +10% 


n-1 ~~ 
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FUNCTIONAL DESCRIPTION 

Data Input 

After power up the Master Reset is pulsed low (Figure 8) 
to prepare the FIFO to accept data in the first location. 
Master Reset must be applied prior to use to ensure 
proper operation. When Input Ready (IR) is HIGH the 
first location is ready to accept data from D, inputs. Data 
then present at the data inputs is entered into the first 
location when the Shift-In (Sl) is brought HIGH. A SI 
HIGH signal causes the IR to go LOW. Once data is 
entered into the first cell, the transfer of data in any full cell 
to the adjacent (downstream) empty cell is automatically 
activated by an on-chip control. Thus data will stack up 
at the end of the device (while empty locations will 
“bubble” to the front when data is shifted out), t,, defines 
the time required for the first data to travel from input to 
the output of a previously empty device. When SI is 
brought LOW and the FIFO is not full, IR will go HIGH, 
indicating more room is available. If the memory is full, 
IR will remain LOW. 


Data Output 

Data is read from the O, outputs. When data is shifted to 
the output stage, Output Ready (OR) goes HIGH, indicat- 
ing the presence of valid data. When the OR is HIGH, 
data may be shifted out by bringing the Shift-Out (SO) 
HIGH. A HIGH signal at SO causes the OR to go LOW. 
Valid data is maintained while the SO is HIGH. When SO 
is brought LOW the upstream data, provided that there is 
valid upstream data, is shifted to the output stage. When 
new valid data is shifted to the output stage, OR goes 
HIGH. If the FIFO is emptied, OR stays LOW and Data 
output will not be valid. 


Input Ready and Output Ready may also be used as 
status signals indicating that the FIFO is completely full 
(Input Ready stays LOW for at least t,.) or completely 
empty (Output Ready stays LOW for at least t,,). 


AC Test and High-Speed App. Notes 

Since the FIFOis avery-high-speed device, care must be 
exercised in the design of the hardware and the timing 
utilized within the design. The internal shift rate of the 
FIFO typically exceeds 60 MHz in operation. Device 
grounding and decoupling is crucial to correct operation 
as the FIFOwill respond to very small glitches due to long 
reflective lines, high capacitances and/or poor supply 
decoupling and grounding. We recommend a monolithic 
ceramic.capacitor of 0.1 uF directly between V.,, and 
GND with very short lead length. In addition, care must 
be exercised in how the timing is set up and how the 
parameters are measured. For example, since an AND 
gate function is associated with both the Shift-In-Input 
Ready combination, as well as the Shift-Out-Output 
Ready combination, timing measurements may be mis- 
leading, i.e., rising edge of the Shift-In pulse is not high 
due to (a) too high a frequency, or (b) FIFO being full or 
effected by the Master Reset, the Shift-In activity will be 
ignored. This will affect the device from a functional 
standpoint, and will also cause the “effective” timing of 
Input Data Hold time (T,,,,) and the next activity of Input 
Ready (T,,,) to be extended relative to Shift-In going 
HIGH. This same type of problem is also related to T,,.,, 
Toa and To, as related to Shift-Out. Data outputs 
driving a bus should be limited to 10 MHz frequency. For 
high-speed applications, proper grounding technique is 
essential. 
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Figure 1. Input Timing 
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SHIFT IN 


INPUT READY 


wvronn. KKRVE snow XXXXKKRRAKRARAKRIIN 


@ Input Ready HIGH indicates space is available and a Shift-In pulse may be applied. 
@) Input Data is loaded into the first word. The Data from the first word is released for “fall through” to second word. 
@) Input Ready goes LOW indicating the first word is full. 
@) Shift-In going LOW allows input Ready to sense the status of the first word. The first word is now empty as indicated by input Ready HIGH. 
® If the second word is already full then the data remains at the first word. Since the FIFO is now full input Ready remains low. 
Note: Shift-In pulses applied while input Ready is LOW will be ignored (See Figure 4). 


Figure 2. The Mechanism of Shifting Data Into the FIFO 505 173 


SHIFT OUT 


SHIFT IN 


INPUT READY OR tp. ———____—_—_—__4 tipH 
+— STABLEDATA ———> 


neurone XXXKXXXEXXKKK 


XOX 


XXXXKXX 


FIFO is initially full. 


@) Shift-Out pulse is applied. An empty location starts “bubbling” to the front. 
(3) Shift-In is held HIGH. 


As soon as Input Ready becomes HIGH the Input Data is loaded into the first word. 


Figure 3. Data Is Shifted in Whenever Shift In and Input Ready Are Both HIGH 505 155 
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SHIFT OUT 


OUTPUT READY 


OUTPUT DATA 


@) The diagram assumes that at this time words 63, 62 and 61 are loaded with A, B and C Data, respectively. 
@) Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e., OR and SO ar both high together. 


Figure 4. Output Timing | 505 156 


57413A 


SHIFT OUT 


OUTPUT READY 


OUTPUT DATA 


Gi) Ouput Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 
@) Shift-Out goes HIGH causing the contents of word 62 (B-DATA) to be released for fall through to word 63. 
Output data remains as valid A-Data while Shift-Out is HIGH. 


(3) Output Ready goes LOW. 
@) Shift-Out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 


‘G) If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data become invalid. 
Note: Shift-Out pulses applied when Output Ready is LOW will be ignored (See Figure 7). 


Figure 5. The Mechanism of Shifting Data Into the FIFO 


505 157 
SHIFT IN 
SHIFT OUT / 
OUTPUT READY L 
TopH 
(4) FIFO is initially empty 
505 158 Figure 6. t,, and t,,,, Specification 
SHIFT OUT eo : 
‘O S 
y VY YVYVV VV VY VV VY 
eee (TAX XXXXXXXXAXAKAX 
Gd) Word 63 is empty. 
Q@) Output Ready goes HIGH indicating arrival of the new data. 
@) New data (A) arruves at the outputs (word 63). 
@) Since Shift-Out is held HIGH, Output Data is subject to change. Output Ready will go HIGH or LOW. 
6) As soon as Shift-Out goes LOW the Output Data is subject to change. Output Ready will go HIGH or Low 
depending on whether there are any additional upsteam words in the FIFO. 
505 159 Figure 7. Data Is Shifted Out Whenever Shift Out and Output Ready Are Both HIGH 
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MASTER RESET 


tMRW 


INPUT READY 


OUTPUT READY 
'MRORL pecans - ieaeensenamrsaaemen tt 
SHIFT IN 
DATA OUTPUTS 
tmRo —> 
Figure 8. Master Reset Timing 505 160 
SHIFT OUT 
SS ee ee eee ee 
'SOH 
ALMOST FULL/EMPTY 
}+—— taEH tsi 
SHIFT IN 
TAEL 
@ FIFO contains 9 words (one more than almost empty). 
Figure 9. t,,,,, t,-, Specifications 505 161 
SHIFT IN 
a 
tsiH 
ALMOST FULL/EMPTY B. : 
}¢—— tary tsoH 
SHIFT OUT 
TAFL 
@) FIFO contains 55 words (one short of almost full). 
Figure 10. t,..,,t,,, Specifications 505 162 
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SHIFT IN 


ee 


HALF FULL 
women : 
b¢—— tury SOH 
SHIFT OUT 
tury 


@) FIFO contains 31 words (one short of half full). 


505 163 Figure 11. t,..,, t,-,, Specifications 
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OUTPUT READY 


SHIFT IN 


MASTER RESET 


505 164 


FIFOs are expandable in width. However, in forming wider words 
two external gates are required to generate composite input and 
Output and Output Ready Flags. This requirement is due to the 
different fall through times of the FIFOs. 


505 164 Figure 12. 64x 15 FIFO with 57413A 
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ALMOST FULL/ 


EMPTY INTERRUPT 


HALF FULL FLAG 
505 165 


Note: Expanding the FIFOs in word width is done by ANDing 
the IR and OR a shown in Figure 12. 


Figure 13. Application for the 57413A “Slow and Steady Rate to Flat ‘Blocked Rate’ ” 
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57C401/13  57C402/23 57C4033 \ 


Military CMOS Zero Power FIFOs Advanced 
64x4 64x5 Memory 12 MHz (Cascadable) Micro 


Conforms to MIL-STD-883, Class B (Latest Revision) Devices 


DISTINCTIVE CHARACTERISTICS 


- Zero standby power « Readily expandable in word width and depth 

« High-speed 12 MHz shift-in/shift-out data rates « RAM-based architecture for short fall-through delay 

¢ Very low active power consumption « Full CMOS 8-transistor cell for maximum noise immunity 
* Choice of 4-bit or 5-bit data width « Asynchronous operation 

¢ TTL-compatible inputs and outputs « Output Enable feature (57C4013/23/33) 

GENERAL DESCRIPTION 


The 57C40X/XX series devices are high-performance Read and Write pointers address each memory location, allowing 
CMOS RAM-based First-In First-Out buffer memory the data to propagate to the outputs in much less time than in tradi- 
products organized as 64 words by 4 or 5 bits wide. These tional register-based FIFOs. These FIFOs are easily integrated into 
devices use Advanced Micro Devices’ CMOS process many applications and perform particularly well in high-speed disk 
technology and meet the demands for high-reliability, controllers, graphics, and communication systems. The 550 pwatt 
high-speed, low-power operation. By utilizing an on-chip, standby power of these devices makes them ideal for ultra-low- 
dual-port RAM, a very short fall-through time is realized, powered and battery-powered systems. 

improving overall system performance. Separate on-chip 


CONNECTION DIAGRAMS 


For Ceramic DIP Packages 
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505 104 


Figure 1. 


Publication # Rev. Amendment 
11710 A /0 
issue Date: February 1989 
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ORDERING INFORMATION 
57 C 401 3 -12 J /883B 


PROCESSING 
/883B = MIL-STD-883, Class B 


TEMPERATURE CODE q 
57 = -55°C to 125°C 


‘CMOS PACKAGE 
FIFO FAMILY J = 57C401-12 - CD 016 
J = 57C0401-13 - CD 016 
PART NUMBER J = 57C402-12-CD 018 
J = 57C04023-12 -CD018 
OUTPUT TYPE 
es -12-CD 020 
Blank = Totem Pole 7 Saas: 
3 = Three State SPEED 
(MHz) 
BLOCK DIAGRAMS 57C401/13 57C402/23 
INPUT SHIFT DATA IN 
READY IN 
REGISTER 
WRITE 64 X 4/5 READ 
POINTER DUAL PORT POINTER 
COUNTER RAM COUNTER 
OUTPUT OUTPUT 
DATA OUT SHIFT OUTPUT 
OUT READY 
5704033 
INPUT 4 SHIFT IN DATA IN 
READY 
REGISTER MASTER 
RESET 
WRITE READ 
POINTER POINTER 
COUNTER COUNTER 
OUTPUT 
FLAG ENABLE OUTPUT 
HALF FULL = CONTROL Es CONTROL 
ALMOST FULL/ LOGIC LOGIC 
EMPTY 
DATA OUT SHIFT OUTPUT 
OUT READY 
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ABSOLUTE MAXIMUM RATINGS 


MUO VONAOG, Vn oi eset Gesteessersienin -0.5 V to +7.0 V 
TOL VOURDG TANG o.oo ieee -1.5Vto+7.0V 
Off-state output voltage ...............c.ccccccceoncesessenes -0.5 V to +6.0 V 
Storage temperature ..............ccccceessseecessseesesees -65°C to +150°C 


Stresses greater than those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent damage to the device. This is a 
stress rating only, and functional operation of the device at these 
or any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods of time may 
affect device reliability. Absolute maximum ratings are for system 
design reference; parameters given are not tested. 


OPERATING CONDITIONS 


[smo nmr «|e 


Input Data Setup to SI (Shift In) 
Input Data Hold Time to SI (Shift In) 


Input Data Setup to IR (Input Ready) 
taipy Input Data Hold Time to IR (Input Ready) 
Shift-In Rate 


Shift-Out Rate 


* _ V,, and V,,, are input conditions of output tests and are not themselves directly tested. V,, and V,,, are absolute voltages with respect 
to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values without suitable 
equipment. ce Lo 

** — If the FIFO is not full (IR HIGH) MR LOW forces IR LOW, followed by IR returning high when MR goes high. 

*** tugs iS Measured on initial characterization lots only and is not directly tested in production. 

t __Instant-On Case Temperature. 
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Conforms to MIL-STD-883; Group A, Subgroups 1, 2, and 3. 


DC CHARACTERISTICS Over Operating Conditions 


$5.5 V 


Off-State Output Current = 0 V<V 
OT 


(4013, 4023, 4033 devices) 


Maximum Standby Current 


(“CZ” devices only) Voc = MAX, All outputs open. 


No more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
** Tested on initial qualification lot only . 


STANDARD TEST LOAD* THREE STATE TEST LOAD* 
Vee 
5V TEST POINT ; Ry 
Ry 
OUTPUT —@) TEST POINT 
Ro 30 pF 


Input Pulse Amplitude = 3 V 
input Rise and Fall Time (10% — 90%) = 2.5 ns 
Measurement made at 1.5 V 


505 107 


“Equivalent test load may be used for automatic testing. 


RESISTOR VALUES 
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Conforms to MIL-STD-883; Group A, Subgroups 9, 10, and 11. 


SWITCHING CHARACTERISTICS 


[eme[ Pomme | 
Lace Master Reset J to Output Ready LOW 120 


Master Reset T to Input Ready HIGH 


a 


BSS 


ph 


£ 


Master Reset J to Outputs LOW 


Master Reset J to Half-Full Flag LOW ('4033 only) ee 
Master Reset J to Almost Empty Flag HIGH (’4033 only) Pe ee ae 
Output Ready Pulse HIGH ee 
Output Ready 7 to Data Valid 
Shift Out T to AF/E High ('4033 only) 2 
Shift In T to AF/E LOW (4033 only) 125 
85 


a 
NO 
oO 


120 
120 


12 
10 


BS 
ol 


Shift Out T to AF/E LOW (4033 only 125 
Shift In T to AF/E HIGH (’4033 only) 


ok 
NO 
ol 


125 
125 


topH 
toRD | 

{AEH 

TAEL 

tAFL , 

tAFH 

* If the FIFO is not full (IR HIGH), MR LOW forces IR LOW, followed by IR returning high when MR goes high. 


** Actual test limits may be different to compensate for ATE. 
t See timing diagram for explanation of parameters 


i¢>) 
Oo 


Quiput Disable Delay ('4013, ‘4023, '4033 devices only) 


Go 
oO 


Output Enable Delay (’4013, 4023, '4033 devices only) 


ioe) 
on 


CAPACITANCES* 
[Symboi | ___Parameter_——=«|—~=~=S~SCTest Condition ———«|—Min ~~ Max ‘Unit 
Input Capacitance T, = 25°C, f = 1 MHz 

V..=45V 
Output Capacitance cc 


* These parameters are not tested in production but are evaluated at initial characterization and anytime the design is modified where 
capacitance may be affected. 
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loc VS- FREQUENCY MILITARY CASE OUTLINES 


Device 
J (Cerdip) 
Conforms to 
Package MIL-M-38510 
Outline Appendix C 


C 


50 


Case 


Veco =5.5V 


<= 

E 

Q fin =fout 
— 90 Vij =0.8V 
Vin =2.0V 
Ta =-55TC 


16J 
oa (ow oe | 
Psroaes [site 
ee 


0 2 4 6 8 10 12 14 
FREQUENCY - MHz 


MILITARY BURN-IN 


Military burn-in is in accordance with the current revision of MIL- 
STD-833, Test Method 1015, Conditions A through E. Test con- 
ditions are selected at AMD's option. 


DYNAMIC BURN-IN CIRCUITRY 


Voc 


57C401 ° 5704013 


Tampient = 125°C 

Vog = 5.25 + 0.25 V 

Square wave pulses on A) to A, are: 
1. 50% + 15% duty cycle 

2. Logic “O” =—1 V to 0.7 V 

3. Logic “1” = 2.4 V to Voc 
4 


. Frequency of each address is to be one-half of 
each preceding input, with A, beginning at 100 
kHz. 


@.g., A, = 100 kHz 
A, = 50 kHz + 10% 
A, = 25 kHz + 10% 
A, = 1/2 A__, +10%, etc. 
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OUTPUT ENABLE 


WAVEFORM 1 $1 CLOSED 1.5V 
$2 OPEN Vo.t 0.5 V 
V, 
{PZH | ee 


WAVEFORM 2 $1 OPEN 


$2 CLOSED 


$1 AND 
$2 CLOSED 


Waveform 1 is for an output with internal conditions such that the output is low 
except when disabled by the output control. 


Waveform 2 is for an output with internal conditions such that the output is high 
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Figure A. Enable and Disable (57C4013/23/33 Only) 


FUNCTIONAL DESCRIPTION 


Data Input 


The FIFO consists of a dual-port RAM and two ring counters for 
read and write. After power-up, the Master Reset should be 
pulsed LOW, which internally resets both the read and write 
counters. When the Input Ready (IR) is HIGH, the FIFO is ready 
to accept DATA from the D, inputs. Data then present at the inputs 
is written into the first location of the RAM when Shift-In (Sl) is 
brought HIGH. An SI HIGH signal causes the IR to go LOW. When 
the SI is brought LOW and the FIFO is not full, IR will go HIGH, 
indicating that more room is available. The write pointer now 
points to the next location in the RAM. If the memory is full, then 
IR will remain LOW. 


Data Output 


Data is read from the O, outputs. Just after the first shift-in, the first 
data word is available at the outputs, which is indicated by the 
Output Ready (OR) going HIGH. When the OR is HIGH, data may 
be shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the read pointer to point to the next location in the 
RAM, and also the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When the SO is brought LOW, the OR goes 
HIGH, indicating the presence of new valid data. If the FIFO is 
emptied, OR stays LOW and O, remains as before, (i.e., data 
does not change if the FIFO is empty). A dual port RAM inside the 
chip provides the capability of simultaneous and asynchronous 
writes (Shift-Ins) and reads (Shift-outs). 


AC Test and High-Speed App. Notes 


Since the FIFO is a very-high-speed device, care must be exer- 
cised in the design of the hardware and the timing utilized within 
the design. Device grounding and decoupling is crucial to correct 
operation as the FIFO will respond to very small glitches due to 
long reflective lines, high capacitances and/or poor supply decou- 
pling and grounding. We recommend a monolithic ceramic capac- 
itor of 0.1 uF directly between V,,, and GND with very short lead 
length. In addition, care must be exercised in how the timing is set 
up and how the parameters are measured. For example, since an 
AND gate function is associated with both the Shift-In-input- 
Ready combination, as well as the Shift-Out-Output-Ready 
combination, timing measurements may be misleading, i.e., rising 
edge of the Shift-In pulse is not recognized until Input Ready is 
HIGH. If Input Ready is not high due to (a) too high a frequency, 
or (b) FIFO being full or effected by Master Reset, the Shift-in 
activity will be ignored. This will affect the device from a functional 
standpoint, and will also cause the “effective” timing of Input Data 
Hold time (t,,,,) and the next activity of Input Ready (t,,,) to be 
extended relative to Shift-In going HIGH. This same type of 
situation occurs with t,..,,, tog,» togy, and the Status Flag timing as 
related to Shift-In and Shift-Out. For high-speed applications, 
proper grounding technique is essential. 
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HF AND AF/AE STATUS FLAGS 
(57C4033 Only) 


The Half-Full (HF) will be high only when the net balance of words 
shifted into the FIFO exceeds the number of words shifted out by 
thirty-two or more (i.e., when the FIFO contains thirty-two or more 
words). The Almost-Full/Empty (AF/AE) flag will be HIGH when 
the FIFO contains fifty-six or more words or when the FIFO con- 
tains eight or fewer words (see Figures 10, 11 and 12). 


Care should be exercised in using the status flags because they 
are capable of producing arbitrarily short pulses. For example, if 


the FIFO contains thirty-one words, and SI and SO pulses are 
applied simultaneously, the HF flag may produce an arbitrarily 
short pulse, depending on the precise phase of SI and SO. 


The flags will always settle to the correct state after the appropri- 
ate delay (e.g., t,,.,, t,,,, in this example). This property of the 
status flags will clearly be a function of dynamic relation between 
Sl and SO. Generally, the use of level-sensitive, rather than edge- 
sensitive status detection circuits will alleviate this hazard. 


SHIFT IN 


Figure 1. 


SHIFT IN 


INPUT READY 


INPUT DATA 


Input Data is loaded into the first available memory location. 


®eo 00 


by Input Ready HIGH. 
© if the FIFO is already full, then the Input Ready remains low. 


Input Ready goes LOW indicating this memory location is full. 
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input Timing 


Input Ready HIGH indicates space is available and a Shift-In pulse may be applied. 


Shift-In going LOW allows Input Ready to sense the status of the next memory location. The next memory location is empty as indicated 


Note: Shift-in pulses applied while Input Ready is LOW will be ignored. 


Figure 2. The Mechanism of Shifting Data Into the FIFO 
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SHIFT OUT 


SHIFT IN 


INPUT READY 


INPUT DATA 


® FIFO is initially full. 
@ Shift In is held HIGH. 
@® Shift Out pulse is applied. An empty location is detected by the internal pointers on the falling edge of SO. 


@® As soon as Input Ready becomes HIGH the Input Data is loaded into this location. 


Figure 3. Data Is Shifted In Whenever Shift In and Input Ready Are Both HIGH 


i/f OUT / fouT 
SHIFT OUT 2) 
'SOH SOL eee 
OUTPUT 
READY a 
tops Torp f* tort 
ss i 1 
DATA ADATA | AA ” said ADA 9, eae 


toby 


@ The diagram assumes that the FIFO contains at least three words: A-Data (first input word), B-Data (second input word), and C-Data (third 
‘input word). 


® Output data changes on the falling edge of SO after a valid Shift-Out Sequence, i.e., OR and SO are both high together. 


Figure 4. Ouput Timing 


SHIFT OUT 


OUTPUT READY 


OUTPUT DATA 


@® Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 


@ Shift-Out goes HIGH causing (B-Data (second input word) to advance to the output register 
Output data remains as valid A-Data while Shift-Out is HIGH. 


@ Output Ready goes LOW. 
@ Shift-Out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 
© If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data remains the same (A-Data). 


Figure 5. The Mechanism of Shifting Data Out of the FIFO 
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SHIFT IN 


SHIFT OUT Q 
tp 
OUTPUT READY L 


® FIFO is initially empty. 
@ Shift Out is held HIGH. 
@ Shift-in pulse applied. A full location is detected by the internal pointers on the falling edge of Shift-In. 


@ As soon as Output Ready becomes HIGH, the word is shifted out. 


Figure 6. t,, and t.,,, Specification 


SHIFT OUT 


sca os ae LLLLLLLLLLL 


OUTPUT DATA A-DATA 


® The internal logic does not detect the presence of any data in the FIFO. 


OPH 


@ New data (A) arrives at the outputs. 
@ Output Ready goes HIGH indicating arrival of the new data. 
@ Since Shift Out is held HIGH, Output Ready goes immediately LOW. 


® As soon as Shift Out goes LOW the Output Data is subject to change. 
Output Ready will go HIGH or LOW depending on whether there are any additional upstream words in the FIFO. 


Figure 7. Data ls Shifted Out Whenever Shift Out and Output Ready Are Both HIGH 


MASTER RESET 


tMRW 


}+¥—_________— tMRIRH 


INPUTREADY  —_{4) 


OUTPUT READY 


SHIFT IN 


DATA OUTPUTS 


tMRO 4 


Figure 8. Master Reset Timing 
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MASTER RESET 


' MRHFL 
HALF-FULL FLAG 
'MRAEH 
ALMOST FULL/EMPTY 
@ FIFO initially has between 32 and 56 words. 
Figure 9. t .-, andt,..-,, Specifications 
'SOH 
SHIFT OUT 
AEH 
ALMOST FULL/EMPTY Pid 
TAEL 
SHIFT IN 
'siy 
@ FIFO contains 9 words (one more than almost empty). 
Figure 10. t,.,,andt,., Specifications 
'SiH 
SHIFT IN 
AFH 
ALMOST FULL/EMPTY - 


SHIFT OUT 


@® FIFO contains 55 words (one short of almost full). 


Figure 11. t,..,andt 


Specifications 


A AFL 


SHIFT IN 


tsi 


HALF FULL 


SHIFT OUT 


@ FIFO contains 31 words (one short of almost full). 


Figure 12. t,., andt Specifications 


H HFH 
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PHYSICAL DIMENSIONS* 


PID# 07319B 
CD 018 
875 
925 .080 
MAX. 
280 
.310 
| .100 | 
050 BSC .005 
.065 MIN 
: .290 
015 .320 
.060 .008 
.012 


1s 150 
‘ MIN. 


015 i a el 
. | | e: 022 MAX. 


07803C 


* 


For reference only. All dimensions are measured in inches. BSC is an ANSI standard for Basic Space Centering. 
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Am7200-40/50/65/80 Advanced 
High Density First-in First-out (FIFO) 256x9 CMOS Memory Devices 


DISTINCTIVE CHARACTERISTICS 


* RAM based FIFO ¢ Status flags — full, half-full, empty 

¢ 256x9 organization « Retransmit capability 

* Cycle times of 50/65/80/100 nanoseconds * Expandable in both width and depth 

* Asynchronous and simultaneous writes and ¢ Increased noise immunity for XI - CMOS threshold 
reads - Functional and pin compatible with industry standard 


devices 


Low power consumption 
— 90 mA max, -50/65/80 
— 100 mA max, —40 


GENERAL DESCRIPTION 


The Am7200 is a RAM-based CMOS FIFO that is 256 
words deep with 9-bit wide words. It is expandable to any 
width and/or depth to create much larger FIFOs. 


This FIFO can accept data and output data asynchro- 
nously and simultaneously at data rates from 0 to 20 MHz. 
Status flags are provided to signify empty, full, and half-full 
conditions. The capability also exists to retransmit data 
from the FIFO. 


BLOCK DIAGRAM 


High-density FIFOs such as the Am7200 are useful ina 
wide range of applications. The ability to buffer large 
transfers of data and the rate adaption capabilities make 
the Am7200 useful in communication, image processing, 
mass storage, DSP, and printing systems. 


WRITE 
POINTER 


XO/HF 


POINTER 


Figure 1. 


This document contains information on a product under development at Advanced Micro 
Devices, Inc. The information is intended to help you to evaluate this product. AMD reserves 


the right to change or discontinue work on this proposed product without notice. 


Publication # Rev. Amendment 
10907 B /0 


Issue Date: February 1989 
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CONNECTION DIAGRAMS 


DIP 


Pin Designations: W = Write 
R = Read 
RS = Reset 
FL/RT = First Load/Retransmit 
D, = Data In 
Q, = Data Out 
XI_= Expansion In 
XO/HF = Expansion Out/Half-Full Flag 
FF = Full Flag 
EF = Empty Flag 
Voc = Supply Voltage 
GND = Ground 


MILITARY ORDERING INFORMATION 


APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) for APL products 
is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Device Class 

d. Package Type 

e. Lead Finish 


Se Se e. LEAD FINISH 


A = Hot Solder Dip 


d. PACKAGE TYPE 
X = 28-Pin Ceramic DIP (CD 028) 


c. DEVICE CLASS 
/B = Class B 


b. SPEED OPTION 
-40 = 40ns t, 
-50 = 50 ns ty 
a. DEVICE NUMBER/DESCRIPTION -65 = 65 ns th 


Am7200 -80 = 80 nst, 
256x9 High Density CMOS FIFO 


Valid Combinations 


Am7200-40 
Am7200-50 
Am7200-65 
Am7200-80 


Valid Combinations 


Valid Combinations list configurations planned to be supported in volume for this 
device. Consult the local AMD sales office to confirm availability of specific valid 
combinations or to check for newly released valid combinations. 


Group A Tests 
Group A Tests consist of subgroups 1, 2, 3, 7, 8, 9, 10, 11. 


MILITARY BURN-IN 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. Test conditions 
are selected at AMD’s option. 
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ABSOLUTE MAXIMUM RATINGS 


SUDEIY VOUROO, Vo cic -0.5 V to+7.0V 
HU, YONG cio cette ss 0.5 VtoV,,+0.5V 
Operating temperature .............ccececccessseeeeeeees —55°C to +125°C 
Storage temperature ............ceceseceecseceseeeeerees —65°C to + 150°C 
Power Caesipauon c.g aa 2.0 W 
EOE OU CEST osc eccccic soma 50 mA 


Stresses above those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maximum 
ratings for extended periods may affect device reliability. Absolute 
maximum ratings are for system design reference; parameters 
given are not tested. 


DC CHARACTERISTICS Military: v,,. = 5 V + 10%, T,' = -55°C to + 125°C 


Am7200-40 | Am7200-50 | Am7200-65 | Am7200-80 
Parameter = = 40 ns 


Description i Max. 


> 


Input Leakage Current (any input) (Note 1) 


rae Output Leakage Current (data outputs) (Note 2) 
a Input High Voltage (all inputs except XI) ( Note 3) 


Input Low Voltage (all inputs except XI) (Note 3) 


Input High Voltage, xl (Note 3) 


Input Low Voltage, xl (Note 3) 


Output Logic “1” Voltage |,,, = -2 mA 


Average Standby Current 
(R = W = RS =FLAT = V,,,) (Note 4) 


3 


3 =e 


Power Down Current (ail inputs = V.,,, -0.2 V) 
(Note 4) 


Notes: 1. Measurements with GND <V,.<V., 

2. R> Vie GNO<V.. SV. 

3. V,, and V,,, are input conditions of output tests and are not themselves directly tested. V,, and V,,, are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

4. |,, measurements are made with outputs open. 


t Instant-On Case Temperature. 


= 
> 
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AC CHARACTERISTICS v.,,, = 5 V + 10%, T,' = -55°C to + 125°C : | 


cor 
Symbol Description Min. Max. |Min. Max. |Min. Max. |Min. Max. 
Write and Flag Timing 
Write Cycle Time oa 
Write Pulse Width Oo | 
Write Recovery Time 1 
Data Setup Time a ee 
Data Hold Time 
Write LOW to Full Flag LOW 
Write LOW to Half-Full Flag LOW eee ae 
wer | Write HIGH to Empty Flag HIGH 
Write pulse HIGH to data bus 5 
Wiz at LOW Z (Note 1) 


Read and Flag Timing 


1 


=) 


—k awh, 
Oo on 
a 
Oo oO 
w_k 
Oo 
° 


Seal 


~ + oo onal mo co 
= = 
oO 


WPW 


R 


WFF 


WHF 


— 


Read Cycle Time 00 


RC 
Access Time 

Read Recovery Time 
Read Pulse Width 


Read pulse LOW to data bus 
RLZ at LOW Z (Note 1) 


ly Data Valid from read pulse HIGH 


Read pulse HIGH to data bus 
RHZ at HIGH Z (Note 1) 


Read HIGH to Full Flag HIGH 
Read HIGH to Half Full-Flag HIGH 
acr | Read LOW to Empty Flag LOW 

Reset Timing 


=k 
oO 
Soke 
on 
or 


Oo 


ak 
© 
—S _s 
© 
sas 
© 


RPW 


N 
oO 
‘ 
oO 


G 

o1 
; 

Oo 


RFF 


RHF 


ee) 
oO 
Lh 
on 
[e)) 
Oo 


— 


Reset Cycle Time 00 
Reset Pulse Width 


Reset Setup Time 


RSC 


ge 
) 


i 
oO 


RSS 
Reset Recovery Time 


Reset to Empty Flag LOW 
Reset to Half-Full Flag High 
Se Reset to Full Flag HIGH 

Retransmit Timing 


RSR 


EFL 


HFH 


—_ 
© 
= 
oO 
st 
on 
ie) 
oO 
— — sd 
oO;o; °° 
oO;oO; o 


Retransmit Cycle Time 


RTC 
tas Retransmit Pulse Width 


Retransmit Recovery Time 0 5 5 


Lb 
oO 


lal 
DD 
+ 
D 
Be 
Be 
— 


Notes: 1. Characterized parameters. 
tT Instant-On Case Temperature. 


2-230 Am7200-40/50/65/80 


} Advance Information | Information rt 


Advanced 
High Density First-in First-out (FIFO) 512x9 CMOS Memory Devices 
DISTINCTIVE CHARACTERISTICS 
* RAM based FIFO * Status flags — full, half-full, empty 
* 512x9 organization + Retransmit capability 
« Cycle times of 50/65/80/100 nanoseconds ¢ Expandable in both width and depth 
¢ Asynchronous and simultaneous writes and + Increased noise immunity for XI- CMOS threshold 
reads - Functional and pin compatible with industry standard 


- Low power consumption devices 
— 90 mA max, —50/65/80 


-—100 mA max, —40 


GENERAL DESCRIPTION 


The Am7201 is a RAM-based CMOS FIFO that is 512 
words deep with 9-bit wide words. It is expandable to any 
width and/or depth to create much larger FIFOs. 


High-density FIFOs such as the Am7201 are useful in a 
wide range of applications. The ability to buffer large 
transfers of data and the rate adaption capabilities make 


the Am7201 useful in communication, image processing, 
This FIFO can accept data and output data asynchro- mass storage, DSP, and printing systems. 
nously and simultaneously at data rates from 0 to 20 MHz. : 
Status flags are provided to signify empty, full, and half-full 
conditions. The capability also exists to retransmit data 


from the FIFO. 


BLOCK DIAGRAM 


WRITE 
POINTER 


Figure 1. 


Publication # 


This document contains information on a product under development at Advanced Micro 1 


Devices, Inc. The information is intended to help you to evaluate this product. AMD reserves 
the right to change or discontinue work on this proposed product without notice. 


Issue Date: February 1989 


CONNECTION DIAGRAMS 


DIP 


Pin Designations: W = Write 
R= 


FL/RT = First Load/Retransmit 

D, = Data In 

ee Q, = Data Out 

Am7201 XI = Expansion In 

XO/HF = Expansion Out/Half-Full Flag 
FF = Full Flag 

EF = Empty Flag 

Voc = Supply Voltage 

GND = Ground 


MILITARY ORDERING INFORMATION 


APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) for APL products 
is formed by a combination of: a. Device Number , 

b. Speed Option (if applicable) 

c. Device Class 

d. Package Type 

e. Lead Finish 


LEAD FINISH 
A = Hot Solder Dip 


PACKAGE TYPE 
X = 28-Pin Ceramic DIP (CD 028) 


DEVICE CLASS 
/B = Class B 


SPEED OPTION 
-40 = 40 nst, 
-50 = 50 ns t, 
a. DEVICE NUMBER/DESCRIPTION 65 = 65 ns t, 


Amiens. -80 = 80 nst, 
512x9 High Density CMOS FIFO 


Valid Combinations Valid Combinations 


Am7201-40 Valid Combinations list configurations planned to be supported in volume for this 
Am7201-50 device. Consult the local AMD sales office to confirm availability of specific valid 
Am7201-65 combinations or to check for newly released valid combinations. 


Am7201-80 Group A Tests 
Group A Tests consist of subgroups 1, 2, 3, 7, 8, 9, 10, 11. 


MILITARY BURN-IN 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. Test conditions 
are selected at AMD’s option. 
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ABSOLUTE MAXIMUM RATINGS 


UND VONA0G, Ve scores -0.5 Vto+7.0V 
DUT VOU cons ccscenesss scree ccsctrncsasoeegsviees -0.5VtoV,,+0.5V 
Operating temperature 2.00... ceeceeeeeeseeeeesees -55°C to +125°C 
Storage temperature ...........cceecccceseeeeeseceeeees -—65°C to + 150°C 
PONG. CISSIDANON (ice 2.0 W 
Ds CU CUP ON oso osc cinss sicsarapcas econ 50 mA 


Stresses above those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maximum 
ratings for extended periods may affect device reliability. Absolute 
maximum ratings are for system design reference; parameters 
given are not tested. 


DC CHARACTERISTICS military: V,. = 5 V + 10%, T,! = -55°C to + 125°C 


Am7201-40 | Am7201-50 | Am7201-65 | Am7201-80 
Parameter as = 40 ns 


Description i Max. 


Input Leakage Current (any input) (Note 1) 


a Output Leakage Current (data outputs) (Note 2) 


Input High Voltage (all inputs except XI) (Note 3) 


Input Low Voltage (all inputs except Xl) (Note 3) 


Input High Voltage, x! (Note 3) 


Input Low Voltage, xl (Note 3) 


Output Logic “1” Voltage |,,,=-2 mA 
Output Logic “0” voltage |,, = 8 mA 
Average V,.,. Power Supply Current (Note 4) 


Average Standby Current 
(R=W=RS= FL/RT = V,,,) (Note 4) 


3 


ec lt 
Oe ee ee 


Notes: 1. Measurements with GND <V,,<V,,. 
2 R> V.» GND SV, 6S Ven 
3. V,, and V,,, are input conditions of output tests and are not themselves directly tested. V,, and V,,, are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 
4. |,, measurements are made with outputs open. 
t Instant-On Case Temperature. 
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AC CHARACTERISTICS v.,, = 5 V + 10%, T,T = -55°C to + 125°C : 


Parameter Parameter Am7201-40; Am7201-50| Am7201-65; Am7201-80 
Symbol Description Min. Max. |Min. Max. |Min. Max. |Min. Max. 


Write and Flag Timing 


we __| Write Cycle Time kee Cee eee 
Write Pulse Width et ee aoe oc eee 


Data Hold Time Cs 
mer Ee LOWE DT a ey Pee eS 
ae eee oe a ee 


Write pulse HIGH to data bus 
LZ at LOW Z (Note 1) 


Read and Flag Timing 


"i en a se SG 


Read pulse LOW to data bus 


or Data Valid from read pulse HIGH 


Read pulse HIGH to data bus 25 30 
RHZ at HIGH Z (Note 1) 
ue Read LOW to Empty Flag LOW 45 60 60 
Reset Timing 
Reset Pulse Width oo ee 
Reset Setup Time fee eee Secees 
a eee eae 
ee ee 


O 

pe) 

mal 

© 

~ 

© 

Comal 

= 

oS 

= 

3 

® 
: 

ro) 
: 

ie) 

| bs 

o1o 


Fle 
ake 
oO 
Re 
oO 
a 
o 
alk 
ol 


m 
nn 
r- 


Retransmit Timing 
ee 


t 
t 
t 


10 


100 


t Retransmit Recovery Time 


—s 
oO 
Oo oO 


RTR 


Notes: 1. Characterized parameters. 
Tt Instant-On Case Temperature. 
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Advan 

Am7202-40/50/65/80 Baie 
High Density First-in First-out (FIFO) 1024x9 CMOS Memory Devices 
DISTINCTIVE CHARACTERISTICS 
¢ RAM based FIFO * Status flags — full, half-full, empty 
¢ 1024x9 organization * Retransmit capability 
» Cycle times of 50/65/80/100 nanoseconds ¢ Expandable in both width and depth 
« Asynchronous and simultaneous writes and * Increased noise immunity for XI - CMOS threshold 

reads * Functional and pin compatible with industry standard 


« Low power consumption devices 
—- 90 mA max, —50/65/80 


-— 100 mA max, —40 


GENERAL DESCRIPTION 


The Am7202 is a RAM-based CMOS FIFO that is 1024 
words deep with 9-bit wide words. It is expandable to any 
width and/or depth to create much larger FIFOs. 


This FIFO can accept data and output data asynchro- 


High-density FIFOs such as the Am7202 are useful in a 
wide range of applications. The ability to buffer large 
transfers of data and the rate adaption capabilities make 
the Am7202 useful in communication, image processing, 
mass storage, DSP, and printing systems. 


nously and simultaneously at data rates from 0 to 20 MHz. 
Status flags are provided to signify empty, full, and half-full 
conditions. The capability also exists to retransmit data 
from the FIFO. 


BLOCK DIAGRAM 
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This document contains information on a product under development at Advanced Micro 
Devices, Inc. The information is intended to help you to evaluate this product. AMD reserves 
the right to change or discontinue work on this proposed product without notice. 


Figure 1. 
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Issue Date: February 1989 


CONNECTION DIAGRAMS 


DIP 


Pin Designations: W = Write 
R = Read 
RS = Reset 
FL/RT = First Load/Retransmit 
D, = Data In 
Q, = Data Out 
Am7202 X| = Expansion In 
XO/HF = Expansion Out/Half-Full Flag 
FF = Full Flag 
EF = Empty Flag 
Voc = Supply Voltage 
GND = Ground 


MILITARY ORDERING INFORMATION 


APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) for APL products 
is formed by a combination of: a. Device Number : 

b. Speed Option (if applicable) 

c. Device Class 

d. Package Type 

e. Lead Finish 


TAG nEmee acer 0 e. LEAD FINISH 
A = Hot Solder Dip 
d. PACKAGE TYPE 
X = 28-Pin Ceramic DIP (CD 028) 
c. DEVICE CLASS 
/B = Class B 
b. SPEED OPTION 


-40 = 40ns th 

-50 = 50 ns th 

a. DEVICE NUMBER/DESCRIPTION -65 = 65nst “ 
Am7202 -80 = 80 nst A 


1Kx9 High Density CMOS FIFO 


Valid Combinations Valid Combinations 


Am7202-40 Valid Combinations list configurations planned to be supported in volume for this 
Am7202-50 device. Consult the local AMD sales office to confirm availability of specific valid 
Am7202-65 combinations or to check for newly released valid combinations. 


Am7202-80 Group A Tests 
Group A Tests consist of subgroups 1, 2, 3, 7, 8, 9, 10, 11. 


MILITARY BURN-IN 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. Test conditions 
are selected at AMD’s option. 
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ABSOLUTE MAXIMUM RATINGS 


UIDDY VONA0G, Vigo ccrttercisiccemine -0.5Vto+7.0V 
WOU VONBG oi. peiia orc rnin -0.5VtoV.,+0.5V 
Operating temperature ............:cccccccesssesesreeeees —55°C to +125°C 
Storage temperature ............cceceesccseteesesseeeees —65°C to + 150°C 
I oo 2.0 W 
BOs CAE CUETO coos cscs ees ss esos ees 50 mA 


Stresses above those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maximum 
ratings for extended periods may affect device reliability. Absolute 
maximum ratings are for system design reference; parameters 
given are not tested. 


DC CHARACTERISTICS Military: Vv, = 5 V + 10%, T,t = -55°C to + 125°C 


Am7202-40 | Am7202-50 | Am7202-65 | Am7202-80 
Parameter 


Description 


Output Logic “1” Voltage |,,, = -2 mA 


Output Logic “0” voltage |,, = 8 mA 


Average V.,,. Power Supply Current (Note 4) 


Average Standby Current 
(R=We= RS = FURT = V,,,) (Note 4) 


Notes: 1. Measurements with GND<V,.<V., 
: R= V,,, GND<V,,-5 Voc 
3. V,, and V,,, are input conditions of output tests and are not themselves directly tested. V,, and V,,, are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 
4. |,, measurements are made with outputs open. 
t Instant-On Case Temperature. 
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AC CHARACTERISTICS v,,, = 5 V + 10%, T,? =-55°C to + 125°C 


Parameter Parameter Am7202-40; Am7202-50; Am7202-65; Am7202-80 
Symbol Description Min. Max. |Min. Max. |Min. Max. |Min. Max. 


Write and Flag Timing 
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Write Cycle Time 100 
Write Pulse Width 


Write Recovery Time 
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Data Setup Time 

Data Hold Time 

er Write LOW to Full Flag LOW 

ae Write LOW to Half-Full Flag LOW 
Write HIGH to Empty Flag HIGH 


Write pulse HIGH to data bus 
at LOW Z (Note 1) 


Read and Flag Timing 


Read pulse LOW to data bus 
RLZ at LOW Z (Note 1) 


pe 
ee 


~ ce | oe 
9 = 
oO 


wr) oo 


Ww 


WEF 


— 
—_— 
— 
— 


WLZ 


os 
oO 
w Go 
on on 


—_ 
oO 
oO 


N 
oO (o>) 
ss 
G 
oO 
oO oO 


— 


bh on 

on Ola foe 
wlalwi| rw pL 
ololial| a Oo 


—_ 


= Ol 
a] o;}n 
= io) ol 
oO oO oO 
— 
ioe) 
oO 
— 


—_ 


Read pulse HIGH to data bus 
RHZ at HIGH Z (Note 1) 


es Read HIGH to Full Flag HIGH 
nue Read HIGH to Half Full-Flag HIGH 
ae Read LOW to Empty Flag LOW 
Reset Timing 
nie Reset Cycle Time 
Reset Pulse Width 
nes Reset Setup Time 
Reset Recovery Time ie 
eee Reset to Empty Flag LOW 
wo Reset to Half-Full Flag High a 
os Reset to Full Flag HIGH Lo ee 


Retransmit Timing 
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Retransmit Cycle Time 100 


Retransmit Pulse Width 5 


Retransmit Recovery Time 


RTC 


RT 
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o1 


o1 


—_ 
Oo 
o>) 


RTR 


Note: 1. Characterized parameters. 
t Instant-On Case Temperature. 
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Am7203-40/50/65/80 Advanced 
High Density First-in First-out (FIFO) 2048x9 CMOS Memory Devices 


DISTINCTIVE CHARACTERISTICS 


¢ RAM based FIFO * Status flags — full, half-full, empty 


¢ 2048x9 organization + Retransmit capability 

* Cycle times of 50/65/80/100 nanoseconds * Expandable in both width and depth 

« Asynchronous and simultaneous writes and + Increased noise immunity for XI- CMOS threshold 
reads 


« Functional and pin compatible with industry standard 
« Low power consumption devices 
— 90 mA max, —50/65/80 


— 100 mA max, —40 


GENERAL DESCRIPTION 


The Am7203 is a RAM-based CMOS FIFO that is 2048 
words deep with 9-bit wide words. It is expandable to any 
width and/or depth to create much larger FIFOs. 


This FIFO can accept data and output data asynchro- 


High-density FIFOs such as the Am7203 are useful in a 
wide range of applications. The ability to buffer large 
transfers of data and the rate adaption capabilities make 
the Am7203 useful in communication, image processing, 
mass storage, DSP, and printing systems. 


nously and simultaneously at data rates from 0 to 20 MHz. 
Status flags are provided to signify empty, full, and half-full 
conditions. The capability also exists to retransmit data 
from the FIFO. 


BLOCK DIAGRAM 
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This document contains information on a product under development at Advanced Micro 
Devices, Inc. The information is intended to help you to evaluate this product. AMD reserves 
the right to change or discontinue work on this proposed product without notice. 


Figure 1. 
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CONNECTION DIAGRAMS 


DIP 


Pin Designations: W = Write 
R = Read 
RS = Reset 
FL/RT = First Load/Retransmit 
D, = Data In 
. Q, = Data Out 
Am7203 XI = Expansion In 
XO/HF = Expansion Out/Half-Full Flag 
FF = Full Flag 
EF = Empty Flag 
Voc = Supply Voltage 
GND = Ground 


MILITARY ORDERING INFORMATION 


APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) for APL products 
is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Device Class 

d. Package Type 


Am7203 oe Lead Finish 


1 e. LEAD FINISH 


A = Hot Solder Dip 


d. PACKAGE TYPE 
X = 28-Pin Ceramic DIP (CD 028) 


c. DEVICE CLASS 


/B = Class B 
b. SPEED OPTION 

-40=40nst A 
-50 =50nst A 

a. DEVICE NUMBER/DESCRIPTION 65 «65 nei 
Am7203 . 
) : -80 = 80 nst, 

2Kx9 High Density CMOS FIFO 


Valid Combinations Valid Combinations 


Am7203-40 Valid Combinations list configurations planned to be supported in volume for this 
Am7203-50 device. Consult the local AMD sales office to confirm availability of specific valid 
Am7203-65 combinations or to check for newly released valid combinations. 


Am7203-80 Group A Tests 
Group A Tests consist of subgroups 1, 2, 3, 7, 8, 9, 10, 11. 


MILITARY BURN-IN 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. Test conditions 
are selected at AMD’s option. 
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ABSOLUTE MAXIMUM RATINGS 


Supply VONEOU.V. 8 -0.5Vto+7.0V 
IDI VOUROG nooks sciccc ects ens -O0.5VtoV,.+0.5V 
Operating temperature .............:cccesssccceeesseseeees —55°C to +125°C 
Storage temperature ..........cccscessscccsesseeceeesnees —65°C to + 150°C 
POMS GC SSIDAUON sec oie rer 2.0 W 
TO; OUND CULO ose eve ec 50 mA 


Stresses above those listed under ABSOLUTE MAXIMUM RAT- 
INGS may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maximum 
ratings for extended periods may affect device reliability. Absolute 
maximum ratings are for system design reference; parameters 
given are not tested. 


DC CHARACTERISTICS military: Vv, = 5 V + 10%, T,t = -55°C to + 125°C 


Am7203-40 | Am7203-50 | Am7203-65 | Am7203-80 
Parameter t,=40ns | t,=50ns | t,=65ns | t,=80ns 


Description Min. Max. _Min. Max. | Min. Max. | Min. Max. 


Input High Voltage (all inputs except Xl) (Note 3) 


Input Low Voltage (all inputs except XI) (Note 3) 


Pi Output Logic “1” Voltage |,,, = -2 mA 
:= Output Logic “0” voltage |,, = 8 mA 
Average V..,. Power Supply Current (Note 4) 


Average Standby Current 
(Ris W = RS = FLAT = V,.,) (Note 4) 


Power Down Current (all inputs = V_,, -0.2 V) 
(Note 4) 


Notes: 1. Measurements with pene Sin Ven 
. R2>V,,,GND<V,,..<V 
3. V, and V,,, are input conditions of output tests and are not themselves directly tested. V,, and V,,, are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 
4. |,, measurements are made with outputs open. 


t Instant-On Case Temperature. 
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AC CHARACTERISTICS v.,,, = 5 V + 10%, T,t = -55°C to + 125°C 


Parameter Parameter Am7203-40| Am7203-50| Am7203-65| Am7203-80 
Symbol Description Min. Max. |Min. Max. |Min. Max. |Min. Max. 


Write and Flag Timing 


Write Pulse Width 
Write Recovery Time 
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Data Setup Time 

Data Hold Time 

Write LOW to Full Flag LOW 
Write LOW to Half-Full Flag LOW 
Write HIGH to Empty Flag HIGH 


Write pulse HIGH to data bus 
Lz at LOW Z (Note 1) 


Read and Flag Timing 
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Read Cycle Time 
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Read Recovery Time 
Read Pulse Width 


Read pulse LOW to data bus 
at LOW Z (Note 1) 


Data Valid from read pulse HIGH 


Read pulse HIGH to data bus 
RHZ at HIGH Z (Note 1) 


Read HIGH to Full Flag HIGH 
Read HIGH to Half Full-Flag HIGH 
mae Read LOW to Empty Flag LOW 
Reset Timing 
Reset Pulse Width 40 
40 
i Reset to Half-Full Flag High 
9 


Notes: 1. Characterized parameters. 
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tT Instant -On Case Temperature. 
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FIFOs: Rubber-Band Memories 
to Hold Your System Together 


Data-rate matching problems are a very basic part of the life of a 
builder of digital systems. Today there are components called 
“FIFOs” which lets you keep your hardware design simple, and 
lets each portion of your system see the data rate which it wants 
to see, and yet lets you avoid hobbling the performance of your 
software by constantly interrupting or intermittently halting your 
microprocessor. FIFO is one of those made-up words, or acro- 
nyms, formed from the initials of a phrase — in this case, “First-/n, 


Chuck Hastings 


First-Out.” FIFOs may be thought of as “elastic storage” devices 
— “logical rubber bands” between the different parts of your sys- 
tem, which stretch and go slack so that data rates between 
different subsystems do not need to match up on a short-term 
microsecond-by-microsecond basis, but only need to average out 
to be the same over a much longer period of time. This tutorial 
paper both describes what FIFOs are in general, and introduces 
the 64x4 and 64x5 AMD’s FIFOs in particular. 
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FIFOs: Rubber-Band Memories 
to Hold Your System Together 


Chuck Hastings 


Introduction 


Data-rate matching problems are a very basic part of the life of a 
builder of digital systems. Some important electromechanical 
devices such as disk drives produce or absorb data at totally 
inflexible rates governed by media recording densities and by 
the speeds at which small electric motors are naturally willing to 
rotate. Other devices such as letter-quality printers have 
maximum data rates beyond which they cannot be hurried up, 
and which are relatively slow compared to the rates of other 
devices in the system. 


Microprocessors and their associated main memories are gen- 
erally faster and more flexible than the other system components, 
but they often operate with severly degraded efficiency if they 
must be diverted from their main tasks every few milliseconds to 
handle data-ready interrupts for individual dribs and drabs of 
data. While “one day at a time” may be asound principle by which 
to live your life, “one bit at a time” or even “one byte at a time” is 
not a philosophy by which to make your microprocessor live if 
you want the best possible service from it. 


Today there are components called “FIFOs” which let you keep 
your hardware design simple, and let each portion of your 
system see the data rate which it wants to see, and yet let you 
avoid hobbling the performance of your software by constantly 
interrupting your microprocessor, or even by intermittently 
halting it in order to let DMA (Direct Memory Access) circuits 
take over control of the main memory for a short time. FIFOs 
may be thought of as “elastic storage” devices — “logical rubber 
bands” between the different parts of your system, which stretch 
and go slack so that data rates between different subsystems do 
not need to match up on a short-term microsecond-by- 
microsecond basis, but only need to average out to be the same 
over a much longer period of time. 


This tutorial paper both describes what FIFOs are in general, and 
introduces the 64x4 and 64x5 FIFOs in particular. 


What is a FIFO? 


FIFO is one of those made-up words, or acronyms, formed from 
the initials of a phrase — in this case, “First-/n, First-Out.” 
Originally, the phrase “First-In, First-Out” came from the field of 
operations research, where it describes a queue discipline 
which may be applied to the processing of the elements of any 
queue or waiting line. There is also a LIFO, or “Last-in, 
First-Out” queue discipline. The terms FIFO and LIFO have also 
been used for many years by accountants to describe formal 
procedures for allocating the costs of items withdrawn from an 
inventory, where these items have been bought over a period of 
time at varying prices. 


You can probably think of some simple, everyday objects which 
in some manner behave according to the FIFO queue discipline. 
For instance, little two-seater cable-drawn boats are drawn 
through an amusement park tunnel of love one by one, and must 
emerge from the other end in the same order in which they 
entered the tunnel — “First-In, First-Out.” The old-time coin 
dispensers used by the attendants at such amusement park 
features, or by city bus drivers, are “buffer storage” devices which 
handle coins in this same manner. (See Figure 1.) 


Figure 1. Primitive Mechanical FIFO Device 


Notice also that the input of a coin into one of the tubes of such 
a coin dispenser through the slot at the top, and the output of a 
coin at the bottom of that tube when the lever for that tube is 
pushed, are completely independent events which do not have 
to be synchronized in any way, as long as the tube is neither 
totally empty nor totally full. However, if the tube fills up 
completely, a coin inserted into the slot will not go into the 
tube. Likewise, if the tube empties out completely, no coin is 
released from the tube at the bottom when the lever is pressed. 
The coin tube thus behaves as an asynchronous FIFO. Keep 
this homely example in mind. 


In computer technology, both the FIFO queue discipline and 
the LIFO queue discipline are frequently used to control the 
insertion and withdrawal of information from a buffer memory, 
or from a dedicated buffer region of some larger memory. In 
input/output programming practice, a FIFO memory region is 
sometimes referred to as a circular buffer, and in programming 
for computer-controlled telephone systems it is called a - 
hopper. A LIFO memory region is usually referred to as a stack. 
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Both FIFO and LIFO memories have frequently been im- originally designed as a faster bipolar upgrade of a MOS part, the 
plemented as special-purpose digital systems or subsystems, Fairchild 3341, which needs a second power-supply voltage 
but as of the present time only FIFO memories are commonly (-12V) as well as Voc. Much of the description to be given here 
implemented as_ individual, self-contained semiconductor of the 67401 also applies to the 3341, except for date rate — the 
devices. 67401 can operate at 5 to 35 MHz depending on the exact version, 


compared with approximately 1 MHz for the 3341. Pinouts are: 


Representative FIFOs 


To give you the flavor of what these semiconductor devices are nc [i 16] Voc 
like, I'll describe the type 67401 64x4 FIFO and type 67402 64x5 
FIFO which have been available for several years from Advanced INPUT READY | 2 | SHIFT OUT 
Micro Devices. ("64x4" here means containing 64 words of 4 bits 
each.) These parts have a basic, easy-to-understand architecture 
and control philosophy. They also happen to be the fastest FIFOs Do [4] 5/67401/A fiz} 0, 
available through normal commercial channels as of this writing, 
and they are in widespread use for applications ranging from 


: : DATA IN OUTPUTS 
microcomputers up to IBM-lookalike mainframes and large D, [6] 11] Oo 
special-purpose military radar processors. A 674071 is internally 
organized as follows: 03 1 10} 05 

GND | 8 | 19 |] MASTER RESET 


(Note: “NC” pin is -12V for 3341.) 
Figure 3. 67401/3341 Pinout 


MASTER RESET 5/67402/A 


Figure 2. Architecture of the 67401 FIFO DATA IN 


The list of signals/pins for the 67401 is: 


Control: 
Shift In 
Shift Out 
Master Reset 
Status: 
Input Ready 


Voltage: 
Voc (+5V) 
Ground 


The corresponding list for the 67402 differs only in that there are ‘“FIRST-IN, FIRST-OUT’ ...DESCRIBES A QUEUE DISCIPLINE 
5 Data In lines rather than 4, and 5 Output lines rather than 4. WHICH MAY BE APPLIED TO THE PROCESSING OF THE ELEMENTS 
The reason that there is an unused pin is that the 67401 was OF ANY QUEUE...’ 
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The reason for having a 5-bit model as well as a 4-bit model of 
basically the same part is that if two 4-bit FIFOs are placed side- 
by-side they make only an 8-bit FIFO, and many people have 
FIFO applications which entail using a parity bit with each byte, 
and/or a frame-marker bit with the last byte of a frame or block, 
which means that they want 9-bit or 10-bit FIFOs. A 67402 next 
to a 67401 makes a 9-bit FIFO, and two 67402s make a 10-bit 
FIFO. But I’m getting ahead of myself. 


A logic HIGH signal on the Input Ready line indicates that there 
is at least one vacant memory location within the FIFO into 
which a new data word may be inserted. Likewise, a logic HIGH 
on the Output Ready line indicates that there is at least one data 
word currently stored within the FIFO and available for reading 
at the outputs. The operation of the FIFO is such that, once a 
data word has been inserted at the Data In lines (the top of the 
FIFO, as it were), this word automatically sinks all the way to the 
bottom (assuming that the FIFO was previously empty) and 
forthwith appears at the Output lines. (Remember the synonym 
hopper?) In keeping with the FIFO queue discipline, the first 
word which was inserted is the first one available at the outputs, 
and additional words may be withdrawn only in the order in 
which they were originally inserted. 


There is no provision for random access in these FIFOs, since 
their internal implementation uses one particular variation of 
shift-register technology. Each FIFO word consists of 4 (for the 
67401) or 5 (for the 67402) data bits, plus a control or “presence” 
bit which indicates whether or not the word contains significant 
information. There are thus 4 or 5 data “tracks” and one 
presence “track” if you look at a FIFO from a magnetic-tape 
perspective. What the Master Reset input does is to clear ail of 
the bits in the presence track, and in addition to clear the very 
last data word (at the “bottom”) which controls the Output lines. 
The other 63 data words are not cleared, but it doesn’t really 
matter; their status is like unto that of operating-system files 
whose Directory entries have been deleted, in that they can no 
longer be read out and will get written over as soon as new 
information comes in. 


We now return to what happens when a new data word gets 
inserted at the “top” of the FIFO. A mark (call it a “one”) is made 
in the presence bit for word 00, the first word. Assume now that 
word 01 is vacant, so that there is a “zero” in its presence bit. The 
internal logic of the FIFO then operates so that the data from 
word 00 is automatically written into word 01, the presence bit 
for word 01 is automatically set to “one,” and the presence bit for 
word 00 is automatically reset to “zero.” If word 02 is likewise 
vacant, the process gets repeated, and so forth until the same 
piece of data has settled into the lowest vacant word in the FIFO 
— the next lower word, and all the rest, have “ones” in their 
presence bits, blocking further changes. 


Conversely, now assume that at the moment no data word is 
being input, but that one has just been output. Then the bottom 
word in the FIFO — word 63 — has a “zero” in its presence bit, 
but there are a number of other words above it which have 
“ones” in their presence bits. The data in word 62 then moves 
into word 63 in the same manner described above, and the data 
in word 61 moves into word 62, and so forth, until there is no 
longer any word in the FIFO having a “one” in its presence bit 
which is above a word having a “zero” in its presence bit. The 
effect is that of empty locations bubbling up to the top of the 
FIFO. Or, in case you are one of those elite individuals who has 


been exposed to the concepts and jargon of modern semicon- 
ductor theory, you may prefer to think of the FIFO operation as 
one in which data (“electrons”) flow from the top of the FIFO to 
the bottom, and vacancies (“holes”) flow from the bottom of the 
FIFO to the top. In the general case, of course, new data words 
are being input at the top and old ones are being output at the 
bottom at random times, and there is a dynamic and continually 
changing situation within the FIFO as the new data words drop 
towards the bottom and the vacancies bubble up towards the 
top, and they intermix along the way. 


An obvious consequence of this manner of operation in shift- 
register-technology FIFOs is that it takes quite a bit longer for a 
data word to pass all the way through the FIFO than the minimum 
time between successive input or output operations. There are 
various versions of the 67401 and 67402, rated at 5, 7, 10, 15, 167 
or 35 MHz over commercial (0° C to +75° C) or military (-55° C to 
+125°C) temperature ranges. Thus, for instance, a 15-MHz FIFO 
can input data words at the top and/or output data words at the 
bottom at a sustained rate of a word every 66-2/3 nanoseconds. 
However, the “fall-through time” tp7 for these same FIFOs is 
stated in the data sheet as 1.6 microseconds, which is a long 
enough time for 24 words to be input or 24 words to be output! 
There is in principle also a “bubble-through” time for a single 
vacancy to travel from word 63 all the way back to word 00, 
which should be identical to tpy, and probably is although as 
measured on a semiconductor tester it may differ by as much 
as 50 nanoseconds, which is probably due to artifacts of 
measurement. By the way, the stated operating frequencies and 


’ the tpy value are “worst-case” (guaranteed) numbers; the 


“typical” values observed in actual parts are necessarily 
somewhat better, since semiconductor manufacturers are 
obliged to take any parts back which customers can prove do 
not meet the worst-case numbers, and some margin of safety 
is always nice (see reference 1). 


Besides AMD, other manufacturers of high-speed FIFOs include 
National Semiconductor, Mostek, National Semiconductor, RCA, 
Texas Instruments, and TRW LSI Products. Slow MOS FIFOs 
are available from National Semiconductor, Texas Instruments, 
Western Digital, and Zilog. FIFOs in development or available at 
just about all of these vendors also offer new bells and whistles 
which | haven’t discussed, such as three-state outputs, serial 
(one-bit-at-a-time) as well as parallel data ports, and additional 
status flags. TRW’s new FIFO, for instance, has a “half-full” flag 
which tells when half of the FIFO’s words contain data. AMD now 
has the 67413 FIFO which supplies not only this flag, but also a 
second flag which indicates that the FIFO is either “almost full” 
(within eight words of full) or “almost empty” (within eight words 
of empty, reminiscent of the “yellow warning interrupt” in Digital 
Equipment Corporation’s PDP-11 computers. This “almost-full/ 
empty flag” can be used as an interrupt to a microprocessor to 
indicate that some action must be taken, and the microprocessor 
can then examine the “half-full flag” to see what it actually has to 
do. 


There are also other design approaches to the insides of a FIFO 
besides the one based on shift-register technology which has 
been described here. For instance, a FIFO may be organized as 
a random-access memory (“RAM”) with two counters capable 
of addressing the RAM right within the chip, an “in-pointer” and 
an “out-pointer.” The counting sequences, of course, “wrap 
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around” from the highest RAM address back to zero. The out- likewise the Shift Out control input of FIFO A is connected to the 
pointer chases the in-pointer, the region just traversed by the in- Input Ready status output of FIFO B, and the Master Resetcontrol 
pointer but not yet by the out-pointer contains significant data, inputs are all tied together. (See Figure 5.) That’s all there is to it. 
and the complementary region is logically “empty.” This Any number of FIFOs may be cascaded in this manner. 


approach involves good news and bad news: the good news is 
that the long fall-through time goes away, but the bad news is 
that now reading and writing typically interfere with each other 
— unless the RAM is “two-port,” they cannot be done 
_ simultaneously at all. Also, since this approach is more costly in 

“silicon area” than the shift-register approach, it would not result 
in as large FIFO capacities for the same size die or the same 
power consumption. In practice, this approach has only been 
used for MOS FIFOs which have turned out to be quite slow. 


Another design approach is somewhat intermediate between 
the pure RAM approach as just described and the shift-register 
approach. It uses “ring counters” on the chip instead of full- 
blown binary counters. What this means in practice is that there 
are now two extra “tracks” along with the data tracks within the 
FIFO, plus also an input data bus and an output data bus. Single 
“one” bits move along the in-pointer track and the out-pointer ‘THE 67401 AND 67402...ARE DESIGNED TO CASCADE 
track, and the out-pointer chases the in-pointer as before. The USING A SIMPLE “‘HANDSHAKING’’ PROCEDURE ...”’ 

RAM is effectively two-port, and the two parallel buses both go 
to each and every word. Texas Instruments has announced 
some small (16x4) bipolar FIFOs based on this technical 
approach. Like the pure RAM approach, it gets rid of the fall- 


through time but needs proportionally more silicon area to store pit Bieecss ea 
a given number of bits. SHIFT IN OUTPUT READY 2 
Designing with FIFOs 
; DATA IN DATA OUT 
Returning now to the 67401 and 67402, if what you really need is 
a “deeper” FIFO, say 128x4 instead of just 64x4, these parts are 
designed to cascade using a simple “handshaking” procedure, 
without any external logic at all! If FIFO B follows FIFO A in the MASTER RESET 
cascading sequence, the Shift In control input of FIFO B is = 
connected to the Output Ready status output of FIFO a, and Figure 5. Cascading FIFOs to Form 128x4 FIFO 


COMPOSITE 


INPUT READY COMPOSITE 


OUTPUT READY 


SHIFT IN 


MASTER RESET 


Figure 6. 192x12 FIFO 
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If what you really need is a “wider” FIFO, then you simply 
arrange 64x4 or 64x5 FIFOs side-by-side up to the required 
width. Then, you use an external AND gate such as a 74S08 
or 74S11 to AND the Input Ready signals of the first rank of 
FIFOs if there is more than one rank, or of the only rank of 
FIFOs if there isn’t. (See Figure 6.) Likewise, a similar AND gate 
is also needed to AND the Output Ready signals of the last rank 
of FIFOs. If you didn’t provide these AND gates and just took 
the Input Ready signal of one FIFO as representative of when 
the whole array was ready, you would be taking the rather large 
gamble that you had correctly chosen the slowest row in this 
array — and if you chose wrong, 4-bit or 5-bit chunks of your 
input word might not get read correctly into the FIFO where 
they were supposed to go. Ditto on the output side. So like use 
the AND gates. 


Although a humungous number of 67401s and 67402s are in use 
worldwide giving hassle-free service, it should be kept in mind 
that these devices are asynchronous sequential circuits. (One 


definition of “asynchronous sequential circuit” is “a fortuitous 
collection of race conditions,” but that definition is unduly 
sardonic for very carefully designed parts such as these.) If 
your board is subject to noise, or if certain data sheet setup- 
time and hold-time conditions are occasionally not met, errors 
may occur. It is prudent system-design practice to every so 
often allow an array of FIFOs to empty out completely, and 
then issue a Master Reset. (I’m assuming, of course, to start 
with that you’re not the kind of turkey who has to be told to 
issue a Master Reset as part of your power-up sequence.) In 
the event that you still get what appear to be occasional errors, 
very small (say from 22 to 68 picofarads) capacitors from both 
the Shift In control input and the Shift Out input of a FIFO to 
ground will often eliminate these. But by all means start with a 
good circuit board — these are high-speed-Schottky-technology 
circuits, and like to see a lot of ground-plane metal on the board, 
along with other reputable interconnection practices such as 
0.1-microfarad disk capacitors between Vcc and ground 
for each chip to bypass switching noise. 


SHIFT IN 


INPUT READY 


WWW 


W0000004 


Q) Input Ready HIGH indicates space is available and a Shift In pulse may be applied 


(2) Input Data is loaded into the first word. 


G) Input Ready goes LOW indicating the first word is full. 


(4) The Data from the first word is released for “fall-through” to second word. 


Ga) The Data from the first word is transferred to second word. The first word is now empty as indicated by Input Ready HIGH. 


If the second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready remains low. 


Figure 7. Sequence of Events When a Data Word is Shifted into a FIFO 


The sequence of events which occurs during the operation of 
shifting a new data word into the “top” of a FIFO is shown in 
Figure 7, and the corresponding sequence of events for shifting 
out the bottom word is shown in Figure 8. In both of these 
figures, it has been assumed that the external logic — whether it 


be the rest of your system, or just another FIFO — refrains from 
raising the respective Shift line to HIGH until the respective 
Ready line has gone HIGH, if the Shift line is raised any earlier, it 
simply gets ignored. 
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SHIFT OUT 


OUTPUT READY 


OUTPUT DATA 


AAA 


ANN 


YY 


C) Output Ready HIGH indicates that data is available and a Shift Out pulse may be applied. 


(2) Shift Out goes HIGH causing the next step. 


(3) Output Ready goes LOW. 


() Contents of word 62 (B-DATA) are released for “fall through” to word 63, 


Ga) Output Ready goes HIGH indicating that new data (B) is now available at the FIFO outputs. 


If the FIFO has only one word loaded (A-DATA) then Output Ready stays LOW and the A-DATA remains unchanged at the outputs. 


Figure 8. Sequence of Events When a Data Word is Shifted Out of a FIFO. 


When two FIFOs are cascaded as shown in Figure 5, the 
sequences of events shown in Figures 7 and 8 are subject to the 
additional ground rule that the Output Ready line of the FIFO on 
the left in Figure 5 (call it “FIFO A”) is identically the Shift In line 
of the FIFO on the right (call it “FIFO B”). And likewise, the Input 
Ready line of FIFO B is identically the Shift Out line of FIFO A. 
In the terminology we have been using, FIFO A is the “upper” 
FIFO and FIFO B is the “lower” FIFO. Although you do not 
normally need to be concerned about what happens when two 
FIFOs are hooked together for cascaded operation in this 
manner, since the “handshake” occurs quite automatically 
without the rest of your logic having to do anything to make it 
happen, it is an illuminating exercise to consider Figures 7 and 8 
together in this light and see why the cascading works. 


In the general case, both FIFO A and FIFO B are neither 
completely full nor completely empty. Thus, from the descrip- 
tion already given of FIFO internal operation, after some period 
of time there will be a significant piece of data in word 63 or 
FIFO A and a “one” in the presence bit for that word. Since the 
word-63 presence bit is what controls the Output Ready signal, 
the latter will at some point in time go HIGH, and at that same 
point in time the data word in FIFO A word 63 is present at the 
output lines. Likewise, after some period of time there will be a 
vacancy in word 00 of FIFO B, and a “zero” in the presence bit 
for that word which in turn results in the Input Ready signal 
going HIGH. Remembering now that each of these Ready 
signals is in fact the respectively-opposite Shift signal for the 
other FIFO, it may be seen from Figure 7 that the conditions for 
inputting a word into FIFO B have now been met, and from 
Figure 8 that the conditions for outputting a word from FIFO A 
and allowing the next available piece of data from somewhere 
further “up” in FIFO A to enter FIFO A word 63 have also been 


met. The time delays shown in both Figure 7 and Figure 8 from 
the event at 2 to the event at 3, and from the event at 4 to the 
event at 5A, are asynchronous internal-logic-determined times 
of the order of 4 or 5 gate delays, where the gates in question 
are high-speed-Schottky LSI internal gates and have sig- 
nificantly less propagation delay than the SSI gates you can 
read about in data sheets. 


After a single data word has made it across the interface from 
FIFO A into FIFO B, each FIFO from then on behaves in 
accordance with the operating rules already described, with the 
exact sequence of events depending on the rate at which new 
data words are input into FIFO A and the rate at which old data 
words are withdrawn from FIFO B. The net effect is that the 
combination of FIFO A and FIFO B with this hookup behaves 
almost exactly like a single integrated 128x4 FIFO. In fact, the 
“handshake” timing/control sequence for getting a data word 
from FIFO A across FIFO B is almost a replica of that which 
occurs within each FIFO, when the internal logic associated 
with word n interfaces with that associated with word n+1 for the 
purpose of allowing a data word to advance from occupying 
word n to filling a vacancy in word nt+1. 


Returning now to applying the timing analysis shown in Figures 
7 and 8 to the case of FIFO A and FIFO B operating in cascaded 
mode, notice that each movement (rising or falling) of the Ready 
signal for one FIFO is activated by the movement in the opposite 
sense (falling or rising, that is) for the Ready signal from the 
other part. The two signals, ORA/SIB (meaning “Output Ready 
A” which is the same signal as “Shift In B”) and IRB/SOA, 
cannot both remain HIGH at the same time for more than a few 
nanoseconds, since if they are both HIGH a data word will pass 
between the two FIFOs as already described. So, at the point 
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when both the sequence of events shown in Figure 7 and the 
sequence of events shown in Figure 8 have been completed, and 
consequently ORA/SIB and IRB/SOA have both gone HIGH 
again, another similar sequence of events occurs for both FIFOs 
and another word is passed, and so forth. This process continues 
apace until either ORA/SIB sticks LOW, which can happen if 
FIFO A gets completely emptied out of data words and has 
“zeroes” everywhere in its presence track; or until IRB/SOA 
sticks LOW, which can likewise happen if FIFO B gets completely 
filled and has “ones” everywhere in its presence track. When 
such a deadlock situation occurs, it lasts until a new data word 
has been input into FIFO A and has had time to “fall all the way 
through” and settle into FIFO A word 63, or until the data word in 
word 63 of FIFO B has been read out and the resulting vacancy 
has had time to “bubble all the way back up” into FIFO B word 00, 
as the case may be. 


Various Uses for FIFOs 


The classical FIFO application, as already mentioned at the 
beginning of this paper, is that of matching the instantaneous 
data rates of two digital systems in a simple, economical way. 
One of the two systems may, for reasons of design economics 
or even of utter necessity, want to emit or absorb data words in 
ultra-high-speed bursts, whereas the other one may prefer to 
operate at a slow-but-steady data rate or even at an erratic rate 
which varies between ultra-slow and slow or even between slow 
and fast. No matter — it’s all the same to an asynchronous FIFO 
such as the 67401 or 67402, as long as the input rate and the 
output rate do match up over a long period of time so that it 
neither fills up nor empties out. 


There are, however, some additional uses for FIFOs which arise 
from other, rather different circumstances. For instance, your 
digital system may simply need some extra buffer storage 
scattered around locally at different points on your block 
diagram, and you and your system may really just not care 
whether this storage is accessed on a random or on a queue 
basis. Under these circumstances, it is ordinarily less hassle to 
use a FIFO than to use a small RAM and come up with some 
extra logic to generate addresses and timing signals for it. Often 
the FIFO modus operandi is in fact the natural one for the 
application; as for instance when your system must accumulate 
a block of 64 characters and then run them by all at once in 
order to examine them for the presence of some control 
character, using some scanning logic — or perhaps even a 
microprocessor — which is otherwise occupied most of the 
time. 


A less obvious but interesting application of FIFOs is as 
automatic “bus-watchers” for jump-history recording for hard- 
ware or even software diagnostic purposes. A FIFO whose 
inputs are connected to a minicomputer’s program counter or 
microprogram counter, or to a microcomputer’s main address 
bus, may be operated so as to record every new jump address 
generated by the program. This way, if at some point the 
hardware freaks out or the operating system crashes, a record 
exists of the last 64 jumps which were taken before the system 
was halted, assuming of course that you have provided some 
way for the system to sense that all is not well and halt itself. 
Such a record of jumps can be very valuable in tracing out what 
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happened just before everything went haywire. FIFOs may be 
used in this way either as part of built-in self-monitoring features 
in digital systems, or as part of various kinds of external test 
equipment. 


FIFOs may also be used as controllable delay elements for 
digital information which cannot be used immediately upon 
receipt — perhaps it must be matched against other information 
which is not yet available, or perhaps it must be synchronized 
with other streams of information which are out of phase by a 
varying amount. An example of the latter situation is deskewing 
several bit-streams off a parallel-format magnetic tape, which 
commonly has to be done when high recording densities are 
used. One FIFO per bit-stream is required — but the net 
resulting logic may still be the most reliable and economical 
way to get the job done, when compared with other possible 
digital designs. Another example is that of using FIFOs as data 
memories in digital correlators; the lag in an autocorrelation 
operation can be set simply by controlling how many words are 
in the FIFO at one time, and so forth. There are even some 
applications in which it is advantageous to operate a FIFO with 
all of its input and output cycles synchronized, so that 
absolutely all it does is to delay the data by some certain 
number of clock intervals. 


vad Shee ig naire —— gg 
A LESS OBVIOUS BUT INTERESTING APPLICATION OF FIFOS IS AS 
AUTOMATIC ‘BUS WATCHERS’ 
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SYSTEM DESIGN/ 


FIFO RAM controller 


tackles deep data buffering 


Buffering large amounts of data has long been a source of design 
headaches. Extra large FIFO buffers minimize system bottlenecks 
with an implementation as easy as it is cost-effective. 


eee: are turning to innovative architectures to 
extend the performance of computer systems. 
Pipelining is one of these innovations. In pipeline 
architectures, data is buffered temporarily between 
a system’s processing elements. This allows these 
processing elements to work more efficiently. Since 
data transfers can occur asynchronously, designers 
can minimize bottlenecks in data paths and boost 
overall performance. 

Data buffering, however, is sometimes difficult 
and costly to implement. In multiprocessing and 
data communications applications, for example, 
designers encounter the problem of how to buffer 
large blocks of sequential data temporarily with 
minimum cost and trouble. Often, a few thousand 
to tens of thousands of words must be buffered. 

In multiprocessing applications, large blocks of 
data and instructions are passed between the 
various processors. Storing information between 
the processors for a short time lets a sender pass 
data on without waiting for a receiver to finish its 
current task, so the sender can more quickly move 
on to its next task. 

For data communications applications, large 
blocks of data must be transferred from one node 
to another along a data channel. Temporary buf- 
fering on and off the data channel permits each 
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device in the network to work more efficiently. 
Data can be transferred to the buffer when ready, 
and the device is free to move on to the next task 
without waiting for the data channel to be free. 
Buffering large amounts of data, often called 
deep data buffering, can be accomplished through 
several methods. One technique, direct memory ac- 
cess (DMA), sets aside blocks of main memory as 
temporary data buffers. When a request for data 
transfer is received, the DMA controller interrupts 
the processor and takes control of the memory bus. 
The controller then moves the data into memory 
that has been allocated for temporary buffering. 
Looking at the advantages of this buffering 
method, DMA controller chips are relatively inex- 
pensive. Since they require little extra logic, the 
controllers are simple to implement. The DMA ap- 
proach, however, has several drawbacks. First, the 
processor is interrupted every time a data block 
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A FIFO RAM controller provides addressing, control 
and arbitration. In the 674219 buffer, only hand- 
shaking, status flags and buffer control lines are 
visible to the rest of the system. 


transfer request is made. To transfer data, the pro- 
cessor must hand over control of the memory bus. 
When many data block transfers occur, system per- 
formance is severely degraded. Large blocks of 
data degrade performance even more. 

DMA also limits rates and formats of data. Using 
this technique, the maximum data rate is limited to 
the system bus data rate. Bursts of rapid data can’t 
be directly accommodated. Besides, DMA opera- 
tion is synchronous with system operation, which 
means that all data transfers—both input and out- 
put—must be synchronous with the system clock. 
Asynchronous data can’t be directly accom- 
modated. Another drawback of DMA is that it 
doesn’t allow for simultaneous input and output 
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operation. This greatly limits the ability of a DMA 
buffer to act as a pipelining element. 

The DMA approach is best suited for systems in 
which low cost is a top priority, and performance 
degradation, caused by interruptions to processors 
during the transfer of data, is tolerable. In effect, 
designers opting for DMA trade overall system per- 
formance, considerations about the rate and for- 
mat of data and immediate access to information 
for inexpensive implementation and simple design. 


RAM approach eases bottlenecks 

Another approach to deep data buffering in- 
volves dual-port RAM devices. A dual-port RAM is 
placed along the data transfer path and acts as tem- 
porary storage for incoming or outgoing data. 
These devices overcome many of the limitations of 
DMA. Thanks to two independent ports, data 
transfers can be completely asynchronous and 
simultaneous. Since one port can be isolated from 
the data bus, processors don’t have to hand over 
control of the memory bus during data transfer. 

Using dual-port RAMs for data buffering does 
have its disadvantages; to work as a data buffer, it 
requires a lot of external and control logic. 
Counters, comparators and control logic must be 
added to make the dual-port RAM read and write 
data sequentially and prevent buffer overflows and 
underflows from occurring. This external logic can 
add up to large amounts of valuable board real es- 
tate and limits the data rate of the buffer. 

Another disadvantage is cost. Dual-port RAMs 
are 10 times the price of comparable conventional 
static RAMs; a 1-k x 8-bit device costs $25 to $30. 
Implementing a 4-k x 16-bit buffer will cost ap- 
proximately $200 for the RAM device alone. 

A third method of buffering data uses first-in, 
first-out buffers between elements as temporary 
storage sites. These FIFO devices store and output 
the data sequentially. Like dual-port RAMs, they 


In a video teleconferencing 
system, a video image with a 
resolution of 1,024 x 1,024 pixels 
will generate 1 Mbyte of data 
per image. After a compression 
of 32:1, there are 32 kbytes of 
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For optimal system perfor- 
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FIFO buffer to wait for trans- 
mission along the data channel. 
The system is then free to begin 
processing the next image. 
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have two independent asynchronous ports. But one 
port is dedicated to input, the other to output. 

FIFO buffers offer an extremely efficient ap- 
proach for data buffering. Virtually no external 
control is required since control and arbitration is 
performed with on-chip logic. Addressing is 
eliminated because data is sequential. The 
streamlined buffering afforded by FIFOs max- 
imizes the data rate, which makes this approach a 
natural for high-performance systems. 

For maximum data rate and design ease, FIFO 
buffers offer advantages over DMA and dual-port 
RAM methods. But the devices are geared for data 
buffering of shallow-to-medium depth. Large data 
blocks are buffered only by using an array of 
FIFOs, which requires large amounts of board 
space, making FIFO buffers too expensive and in- 
efficient for applications with large data amounts. 


FIFO RAM controllers tackle deep data 


When deep buffering is required, very large FIFO 
RAM buffers reduce the costs and space problems of 
conventional FIFO techniques. Devices such as the 
674219 FIFO RAM controller can accommodate large 
amounts of data in high-performance systems. These 
devices provide the addressing, control, and arbitration 
logic that enables an array of RAMs to function as a 
FIFO buffer. 

One advantage of this kind of device is the large 
amount of data it can handle. Using inexpensive 
single-port static RAMs (or dynamic RAMs with 
additional external logic), designers can implement 
a fast, fully asynchronous buffer that can tem- 
porarily store from 512 to 65,536 words. In the case 
of the 674219 FIFO RAM controller, a perfor- 
mance of 12 MHz can be attained. During simul- 
taneous input and output operation, a data rate of 
6 MHz is possible. 

With two registers for data latching, a few logic 
gates and a RAM array, these devices can replace 
any system function block calling for large data 
buffers. All of the control, arbitration and status 
logic is placed on a single device, greatly simplifying 
large FIFO buffer designs. Information about the 
buffer is provided by four status flags: full, empty, 
half-full and almost-full/almost-empty. The full 
and empty flags buffer overflow and underflow. 
When the buffer is full, attempts to write data into 
the buffer won’t be acknowledged. Data already in 
the buffer, however, won’t be lost. Similarly, the 
empty flag prevents false data from being read out. 

Status flags also help increase the efficiency of 
buffers and optimize system performance. 
Together, the half-full and almost flags can in- 
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Two internal counters generate addresses for the 
RAM array to function in a first-in, first-out 

manner. A third counter in the FIFO RAM controller 
generates status information with four flags: full, 
empty, half-full and almost-full (16 word locations to 
full)/almost-empty (only 16 words remaining). This 
counter is programmed by buffer-size select inputs to 
provide the proper status information for the buffer. 


dicate when the buffer is almost empty and trigger 
a Signal to the source for more data. This ensures a 
steady stream of data to the receiver. In systems 
where a receiver, such as a peripheral, is operating 
at a much slower rate than the source, such as a pro- 
cessor, the processor can send data in high-speed 
bursts to the buffer and then attend to other tasks 
while a peripheral accepts the data in a steady, 
uninterrupted stream. 


Dual-pointer FIFO architecture 

FIFO RAM controllers implement a RAM-based 
FIFO architecture, which uses two pointers. The 
write pointer contains the address of the next 
available location in the RAM array to be written 
and the read pointer has the address of the next 
location for data to be read. When either pointer is 
used to access the memory array, it’s incremented 
automatically to point to the next available loca- 
tion. When the pointer reaches the last location, it’s 
reset to zero and the procedure continues. 

A third counter provides status information, 
generates flag logic and prevents overflow 
and underflow. The -size select inputs pro- 
gram this counter to give the proper status informa- 
tion to the buffer. 


In the cycle of a typical system, the buffer is reset 
with the Master Reset (MR) pin. This sets the read 
and write pointers to zero and activates the empty 
flag. A write cycle is initiated by a Write Request 
(WREQ). The Write Ready (WRDY) line goes low, 
acknowledging the request. A Write Register Clock 
(WREGCK) pulse from the FIFO RAM controller 
latches the data into the write register. Data is then 
written to the RAM array at the address location 
provided by the write pointer. When the buffer has 
valid data, the empty flag will go low, indicating 
that a read can take place. The read cycle follows 
the same sequence as the write cycle. 

Since a FIFO RAM controller uses low-cost, 
single-port RAMs, arbitration is needed to resolve 
simultaneous read and write requests. On-chip ar- 
bitration logic determines which request is serviced 
first. The second request is acknowledged, but will 
not be serviced until the first request is completed. 

Conventional FIFO buffers are based on shift 
registers. Data is shifted from register to register to 
the top of the stack, and then to the output port. 
The time it takes for a word to move from the input 
port to the output port is called ‘‘fall-through,’’ 


Deep Data Buffering 


and it is dependent on the depth of the FIFO buffer. 

By contrast, FIFO RAM controllers implement a 
RAM.-based buffer. In this scheme, pointers are in- 
cremented as each read or write occurs. Since data 
doesn’t physically move, fall-through time is 
eliminated. What’s more, external control of the 
RAM array buffer is possible by disabling both the 
Write Enable (WEN) and the Read Enable (REN) 
to impose three states on the address lines from the 
FIFO RAM controller to the RAMs. 

By reducing the cost and space requirements of 
FIFO buffering, FIFO RAM controllers offer 
systems designers an efficient and cost-effective 
method to buffer large amounts of data. Using 
these devices, designers can minimize system 
bottlenecks in data paths and processing elements 
and can boost overall system performance. cD 
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PAL Devices, PROMs, FIFOs, and Multipliers 
Team up to Implement Single-Board 
High-Performance Audio Spectrum Analyzer 


This application note illustrates a high-performance audio spec- 
trum analyzer. This circuit can analyze high fidelty audio signals 
with a resolution of 20 Hz and an input bandwidth of 20 kHz. It is 
useful in production test, performance evaluation, or adjustment 
of high-fidelity audio equipment. The analyzer provides a sweep 
generator output for rapid analysis of audio filter frequency 
_ response. 


The design techniques used to implement the analyzer are quite 
general, and can be applied to a wide variety of DSP tasks. An 


understanding of the approach used will suggest solutions to a 
number of DSP problems. The architecture chosen for the spec- 
trum analyzer is controlled by a microprogram stored in PROM. 
Many other applications can be accommodated by changing the 
microprogram. The high performance of this architecture pro- 
vides an attractive price/performance alternative to other DSP 
approaches. 
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PAL Devices, PROMs, FIFOs, and Multipliers 
Team up to Implement Single-Board 


High-Performance Audio Spectrum Analyzer 


AN-100 


introduction 


This application note illustrates a high-performance audio spec- 
trum analyzer. This circuit can analyze high-fidelity audio sig- 
nals with a resolution of 20 Hz and an input bandwidth of 20 kHz. 
It is useful in production test, performance evaluation, or 
adjustment of high-fidelity audio equipment. The analyzer pro- 
vides a sweep generator output for rapid analysis of audio filter 
frequency response. 


The design techniques used to implement the analyzer are quite 
general, and can be applied to a wide variety of DSP tasks. An 
understanding of the approach used will suggest solutions to a 
number of DSP problems. The architecture chosen for the 
spectrum analyzer is controlled by a microprogram stored in 
PROM. Many other applications can be accommodated by 
changing the microprogram. The high performance of this 
architecture provides an attractive price/performance alterna- 
tive to other DSP approaches. 


Spectrum Analyzer Functions 


The spectrum analyzer requires many of the functions com- 
monly used in DSP. Figure 1 shows the analyzer functions. An 
input signal is mixed with a swept audio sinewave oscillator 
(below). 


Frequency Sweep 


The frequency sweep acts as a sampler, starting from DC and 
increasing to its maximum frequency. 


Mixing is accomplished by multiplying the input signal by the 
sinewave. From basic trigonometry: 


cos wit X cos wat = 1/2 cos (wi + wa)t + 1/2 cos (w4 -wa)t (1) 


The mixing process generates two new sinewaves whose fre- 
quencies are the sum and difference of the input sinewave 
frequencies. When the sinewave oscillator matches the fre- 
quency of an input signal component, a DC term is generated in 
proportion to the amplitude of that component: 


cos wjt X cos wit = cos2 wit = 1+ 2cos wit 


The DC term is extracted by a narrow lowpass filter. Due to the 
finite bandwidth of this lowpass filter, mixer output signals 
whose frequencies fall within the filter passband also appear at 
the filter output. As a result, the analyzer output will represent 
the energy contained in a range of frequencies, from the sine- 
wave frequency minus the filter cutoff frequency, to the sine- 
wave frequency plus the filter cutoff frequency. The effective 
bandwidth of the analyzer is twice the lowpass filter bandwidth. 
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Figure 1. Spectrum Analyzer Functions 


A detector converts the lowpass filter output to a DC voltage 
representing the total energy in the filter passband. If this DC 
voltage is plotted on a vertical axis with the sinewave oscillator 
frequency (represented by the sweep voltage) controlling the 
horizontal axis, a spectrum of the input signal results. 


Other mixing schemes can be used to extract the spectrum. 
However, this “direct conversion” approach has two significant 
advantages. As shown in Figure 2, the swept oscillator output can 
be used to plot the frequency response of an audio filter. Other 
schemes require additional mixing to achieve the same results. 


OSCILLOSCOPE 


SPECTRUM 
ANALYZER wast 
IN HORIZ 


FILTER 
UNDER TEST 


Figure 2. Filter Test Mode Setup 


The direct conversion scheme confines the frequencies of all 
signals following the mixer to the lowpass filter bandwidth. 
Limiting the signal bandwidth has great benefit when the 
analyzer is implemented digitally. This benefit can be better 
understood with a brief review of DSP theory. 


Audio Spectrum Analyzer 


Digital Signal Processing 
Theory Review 


Digital signal processing is accomplished by first converting the 
continuous analog input signal to a series of digital numbers. 
The digital numbers are then manipulated to perform the 
required signal processing. The processed digital numbers are 
then converted back to a continuous analog signal, completing 
the processing. The functions required for DSP are shown in 
Figure 3. 


ANALOG —— DIGITAL ANALOG 
DIGITAL 
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Figure 3. DSP Functions 
Sampling 


Representing a continuous input signal would require an infinite 
array of digital numbers. A finite collection of digital numbers 
can be obtained by considering the signal amplitude at discrete, 
periodic points in time. This process is called sampling, and is 
equivalent to multiplying the input signal by a periodic train of 
impulses of unit amplitude. The sampling theorem states that 
the input signal can be reconstructed without distortion if the 
input is bandlimited to contain no frequency components 
greater than half the sampling frequency. The sampling theorem 
means that the discrete samples completely represent the input 
signal, as long as the bandwidth constraint is met. 


Aliasing 

What is really happening during the sampling process? Consider 
the Fourier series representation of a periodic unit impulse train. 
It can be shown that: 


k = 0 
f(t) = > cos (27k fet), k = 0, 1, 2, 3,... 


Bae (2) 


S sample period 
The periodic impulse train is equivalent to a series of sinusoids 
consisting of all harmonics of the sampling frequency, including 
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Figure 4. Aliasing Spectra of Figure 3 DSP Functions 


a DC term. Recalling Eq. (1) all possible sum and difference 
frequencies will be generated when the impluse train and the 
input signal are multiplied. This process is shown graphically in 
Figure 4. Observe that if the input contains frequencies greater 
than half the sampling frequency, the spectra in Figure 4 will 
overlap. This overlap phenomenon is known as aliasing distor- 
tion, and introduces noise in the signal. 


Another consequence of the sampling process is that high- 
frequency signal components near a harmonic of the sampling 
frequency will be mixed to produce new signal components near 
DC. These new components have frequencies within the desired 
signal passband, but are really “alias” high-frequency compo- 
nents. The phenomenon is called aliasing. 


To eliminate the undesirable effects of aliasing, a continuous 
analog lowpass filter is placed before the sampler. This aliasing 
filter removes frequency components beyond the f,/2 limit. 


Quantizing 


The input samples are converted to a series of digital numbers by 
an analog-to-digital (A/D) converter. The A/D converter operates 
by quantizing the continuous sample amplitude into a finite 
number of amplitude ranges, and then assigning a digital 
number to represent the quantized amplitude value. As might be 
expected, this process introduces noise in the signal, known as 
quantization distortion. The quantization distortion is in the form 
of a “white” or broadband random noise, whose RMS ampli- 
tude is: 
2_ 15-2b 
2 Sa 75° (3) 
where b is the number of bits in the output 
digital word, excluding the sign bit 


The effect of aliasing on quantization noise is to alias high 
frequency noise components to the DC to fs/2 range. The result- 
ing noise spectral density is equivalent to a white noise of ampli- 
tude o2, bandlimited to fs/2. 


Dynamic Range 


The A/D output contains a finite number of bits. Dynamic range 
is defined as the ratio of the maximum-to-minimum signal 
amplitude that can be represented by the digital numbers. 
Dynamic range is determined by the number of bits in the digital 
numbers, and by the noise “floor.” 


For a digital number containing b bits plus a sign bit, the 
dynamic range would be: 


Dynamic range (dB) = 10 log4q 277° (4) 


The noise floor is the sum of all noise components that can 
appear at the DSP output. The primary noise factors are 
quantization noise and limit cycle noise (to be discussed 
shortly). Digital filtering will affect the noise floor by eliminating 
components of the noise signal. For example, the quantization 
noise at the DSP output is: 
ep 2 BW 
Ng (dB) = 10 log49 [° ae (5) 
Ss 

where BW is the net bandwidth of the digital filters 


The noise components are uncorrelated, and are therefore 
combined by adding the power of each noise component. 
Remember that 


Power (absolute) = din} [ Power (dB)/1 0| (6) 
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The resulting dynamic range is: 


= 10 log Pei tea 
10 x Noise Power 


where 0.5 = the maximum mean-squared amplitude 


Dynamic range (dB) (7) 


The overall dynamic range is the lesser of the result given by Eq. 
(4) or Eq. (7). In a practical system, the width of the digital 
numbers can vary. The dynamic range is usually calculated for 
all critical points in a digital system, with the overall dynamic 
range being the worst case value. 


Digital Processing 


The digital numbers from the A/D converter are manipulated to 
process the signal. Carrier generation, filtering, and nonlinear 
operations are performed by appropriate “number crunching”. 


Generation of sinusoidal carriers is easily accomplished using a 
linear ramp function (digital up/down counter) and converting 
the results to sinusoidal samples using ROM lookup tables. 
Alternately, recursive equations can produce the desired carriers. 


Nonlinear operations on the digital numbers must be handled 
with care. Since aliasing is always present in the sampled 
domain, harmonics generated by nonlinear operations can alias 
to lower frequencies. The aliasing occurs “immediately,” since it 
can be shown that performing a nonlinear operation in the 
sampled domain is equivalent to first performing the nonlinear 
operation on a continuous signal and then sampling the result 
without bandlimiting the sampler input. 


The sampling rate can be changed to improve the efficiency of 
the digital processing. For example, discarding every other 
digital number would reduce the effective sampling rate by a 
factor of two. If the processing at the higher sample rate 
includes digital aliasing filters to remove components greater 
than half the lower sample rate, the requirements of the 
sampling theory are still met. The sampling rate can be 
increased by repeating digital sample values. This repetition is 
equivalent to a “sample and hold” operation, and modifies the 
signal spectrum by 


t fiw) = Ef; sin (wT/2) 
F' (jw) 2 Sasa os - 


where w= 27 X freq 
T= input (longer) sample period 
The effects of changing the sampling rate are best determined 
by plotting the resulting aliasing spectra. 


Digital Filtering 


Digital filtering is accomplished using multiplication, addition, 
and delay. For example, consider the biquadratic filter section 
in Figure 5. If z~! is defined to be a unit sample period delay 
operator, then the input-to-output transfer function of the 
biquadratic section is: 


1+aqz7! +anz7° 
1 2 
H(z) = LESS REE (9) 
1+b,Z © + boz 
The biquadric sections can be cascaded to implement higher- 
order filters. 


The Laplace transform of a unit delay is eST | where T is the 
delay period. Remember that eo represents an inverse opera- 
tor, so that z X z~! = 1. Thus, 


z=e SI where s =a + jw (10) 
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Figure 5. Digital Biquadratic Filter Section 


Digital filter poles and zeroes (in the z-plane) can be mapped 
into the s-plane to determine the equivalent analog filter 
function, and vice-versa. The digital filter section of Eq. (9) 
corresponds to an analog biquadratic filter section with, 


2 2 
s“+a,.W,S+Ww 


s* +04W,S+w,? 


H(s) = 
However, the periodic ‘nature of the eS! function causes the 
digital filter passband to repeat periodically. The effect is the 
same as aliasing. The analog filter response is mixed with the 
sampling frequency harmonics to generate the true digital filter 
response. 


Designing Digital Filters 


How does one go about designing a digital filter? One approach 
is to perform a least mean squared error optimization using a 
computer. The desired function is specified, and the computer 
adjusts the a, and b, values until the desired response is 
achieved. 


A second approach is to design an equivalent analog filter and 
then convert that design to a digital filter. This approach has 
great merit, since analog filter design theory is well developed. 
However, the digital passband will be distorted if the analog 
equivalent filter has significant response to frequencies greater 
than f,/2. The aliased passbands overlap at that point. 


To circumvent this problem, the analog filter function can be 
modified to compensate for the aliasing effects. The analog 
transfer response is modified using several transforms to 
compensate for aliasing. Unfortunately, the nature of the 
s-plane to z-plane mapping is such that no transform can 
compensate for all aliasing effects without introducing other 
forms of distortion. 


The standard (or impulse invariant) z-transform represents a 
direct mapping to the z-plane. No frequency, amplitude, or 
phase distortion is introduced, but aliasing effects are not 
compensated. This transform should be used when the analog 
filter has negligible response to frequencies greater than fo/2. 


The bilinear z-transform preserves the filter amplitude response 
in the presence of aliasing. However, the bilinear transform 
introduces a distortion or warping of the frequency axis. As a 
result, only the filter cutoff frequency can be accurately trans- 
formed, using a pre-warping technique. Frequencies within the 
filter passband remain warped, introducing phase distortion in 
the digital filter response. The bilinear transform is used when 
the filter amplitude response is more critical than the phase 
response. 
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The matched z-transform preserves the filter phase response at 
the expense of amplitude response distortion. However, this 
amplitude distortion, unlike the aliasing distortion, can be 
corrected by placing additional zeroes in the transfer function. 
The matched transform is used when the filter phase response is 
critical, and either the amplitude response is not critical or the 
additional compensation zeroes can be accommodated. 
Performing the transforms by hand is quite tedious. Fortunately, 
computer programs are widely available which handle the 
complete filter synthesis procedure, including z-transforms and 
pre-warping. 


Limit Cycle Noise 


An effect of using digital numbers with a finite number of bits is 
the generation of quantization noise. When implementing digital 
filters, the quantization noise introduces oscilaltions that are 
analogous to ringing in analog filters. These oscillations are 
called /imit cycles. The limit cycle generates a noise which peaks 
at frequencies corresponding to the filter pole frequencies. The 
noise power is roughly proportional to pole Q. Limit cycle noise 
for a second order filter section of Equation (11) is given by: 


2 
—2b1+r 1 ) (12) 


2 
N, (dB) = 10 lo —2 
L| 910! 12 1-r24 +1-2r 2cos 2wW 


where b = number of digital number bits (excluding sign bit) 
pole freq. = wy 
pole Q = 1/a, 


pole freq. —w 
f Lecaerpenons 


i, ; = XPS pole G 


=92 ) 


The limit cycle noise must be calculated for each complex pole 
pair, and adjusted to reflect the response of subsequent filter 
stages to the limit cycle frequency. Computer programs can 
calculate limit cycle noise power, including all of these considerations. 


Output Signal Reconstruction 


Once manipulation of the digital sample numbers is complete, 
the resulting digital numbers must be converted back to a 


continuous analog signal. Referring back to Fig. 3, a digital-to- 
analog (D/A) converter transforms the digital numbers to a 
series of analog output pulses. 


A sample-and-hold (S&H) circuit eliminates transients that are 
introduced during the D/A conversion process. The spectrum of 
the S&H output is modifed as follows: 


t sin (wt/2) 


S&H F’ (jw) = F(jw)= —— 


where t = hold time T = sample period 


An output smoothing filter completes the reconstruction by 
removing all components with frequencies greater than f,/2. 
The smoothing filter is often optional, depending on the impor- 
tance of removing the high-frequency output components. 


The spectral effects of reconstruction are shown in Figure 4. 


implementing the Spectrum Analyzer 


The architecture used for the spectrum analyzer is shown in 
Fig. 6. Input signals are digitized and buffered with FIFOs before 
interface with a common 16-bit data bus. The 16-bit arithmetic 
unit (AU) provides multiply and accumulate operations. A 16-bit 
wide RAM stores intermediate results. A 16-bit temporary 
register facilitates oo delays and data movement. Outputs 
are provided using a D/A converter and S&H circuits. 


The VCO output is buffered using FIFOs to provide a uniform 
high-speed sample rate. The VCO output is 12 bits wide, 
providing a signal-to-quantization noise ratio of 91 dB, using 
Equations (5) and (7). The calculation assumes a 500-Hz band- 
width. Asmoothing filter at the VCO output is not necessary. The 
filter test configuration of Figure 2 allows the input aliasing filter 
to remove the effects of VCO high-frequency components, as 
long as the filter under test is a linear analog circuit. 


The vertical and horizontal outputs are intended to interface an 
oscilloscope or X-Y plotter. The sampling of these outputs can 
be non-uniform, as long as the outputs track each other. The 
elastic storage at the input and VCO interfaces permits arbitrary 
non-uniform processing of the analyzer functions. 


The 16-bit resolution of the internal data word provides 90-dB 
dynamic range according to Equation (4), or 115-dB dynamic 
range according to Equations (5) and (7), assuming 500-Hz 
bandwidth and no limit cycle noise and aliasing. 
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Figure 6. Analyzer Architecture 


Microprogram contro! was selected for the analyzer. PAL devi- 
ces can efficiently implement sequential state machines. It is 
possible to encode all control information in PAL devices, but 
only three packages would be saved (one PROM and two 
buffers). Distributing the control among several PAL devices 
would reduce flexibility and make corrections very difficult. The 


With the theoretical background and architecture in mind, the 
spectrum analyzer functions can be defined in detail. The objec- 
tive is to realize a circuit capable of high-resolution analysis of 
audio signals in the DC to 20-kHz range. Selectable bandwidth 
and linear/logarithmic output display are highly desirable. 
Detailed functions are shown in Figure 7. 


few extra packages required for microprogram control provide 
an extremely flexible architecture and greatly simplify the PAL 
device functions. 
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Figure 7. Detailed Functional Diagram 
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Input Aliasing Filter 


An analog lowpass filter removes high-frequency components 
from the input signals. With a sample frequency of 50 kHz anda 
maximum input frequency of 20 kHz, the lowest aliasing fre- 
quency is (50-20) = 30 kHz. 


An eighth-order Chebychev filter with 0.1-dB passband ripple 
will provide 44 dB of attenuation at 30 kHz, and 86 dB attenuation 
at 50 kHz. It is desirable to provide at least 60-dB overall dynamic 
range for high-performace analysis. To eliminate spurious 
responses above the -60-dB “floor,” the input signal should have 
all components above 30 kHz suppressed by at least (60-44) = 
16 dB. Most input signals will meet this requirement. If not, 
additional filtering must be provided. 


S&H and A/D Converter 


The input S&H maintains a constant sampled signal level while 
the A/D conversion is in progress. No sin X/X correction is made 
for this S&H since the net effect of the S&H plus A/D action is an 
impulse sample at the start of the “hold” period. 


The A/D conversion time should be less than 16 us. The A/D 
converter output digital number should “saturate” when the 
input signal exceeds the maximum level. The digital numbers 
should be in inverted two’s complement form. The S&H 
acquisition time should be less than 4 us. 


For a full 60-dB overall dynamic range, a 12-bit A/D is required. 


Mixer 


The mixer multiplies the A/D output by the swept sinewave 
oscillator value. The multiplication produces sum and difference 
frequencies, according to equation (1). 

Two's complement fractional arithmetic is used throughout the 
analyzer. Multiplication cannot overflow, since all numbers are 
less than 1 in magnitude. 


Swept Sinusoidal Oscillator (VCO) 


A precision swept sinusoid from DC to 20 kHz must be 
generated to mix with the input signal. A technique particularly 
well suited to this application is solving the two equations: 


sin (x+y) = SINx COS y + COS x SiN y (13) 
cos (x+y) = cos x cosy -sinxsiny (14) 


These two trigonometric identities generate a new sin and cos 
value with y representing the phase shift per sample period. The 
technique is a “CORDIC” algorithm, based on coordinate 
rotation. Exact results are produced, but truncation and round- 
off errors due to the finite digital word length can cause a slow 
change or “drift” of carrier amplitude. Fortunately, the swept 
sinusoid is periodically reset in the spectrum analyzer, arresting 
this amplitude drift. 


The VCO frequency is swept by varying the value of y. However, 
since equations (13) and (14) require sin y and cos y, an identical 
CORDIC algorithm is used to obtain these values. To sweep the 
VCO, then, sin.\ and cos.\ are placed in RAM, selected by the 
bandwidth setting. These are two fixed numbers originally stored 
in PROM, and represent the frequency shift per sample time. 
Equations (13) and (14) are then applied to calculate sin y and 
cos y, which represent the desired phase shift per sample time. 
Equations (13) and (14) are executed again to generate the 
aCtual sinusoidal output. 


The calculation of sin y and cos y can take place at a reduced 
sample rate to save processing time. Only the last execution of 
equations (13) and (14) must be performed at the full 50-kHz 
sample rate. 


A linear ramp is generated to provide horizontal drive for an 
oscilloscope or X-Y plotter. The ramp is incremented each time 
the sin y and cos y values are updated, tracking the VCO sweep. 
When the ramp value overflows, the analyzer sweep cycle is re- 
initialized. 
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Figure 8. All-Pole Digital Filter Section 


Digital Filters 


Fig. 8 shows the implementation of the all-pole digital filter 
sections. Because of the low pole Q values in all filters, the 
second order sections can be simply cascaded to implement 
high-order filters. Fig. 8 shows a technique for handling 
coefficients greater than 1 with fractional number representa- 
tion. 


Scaling must be performed to ensure maximum dynamic range. 
Filter sections with high-Q poles will show peaking of signals 
near the pole frequencies. The input to such sections must be 
scaled down to prevent overflow of the arithmetic. For a second- 
order all-pole section, this peaking factor is exactly the Q of the 
poles. Thus, when a given second-order section has a pole Q of 
2, the input signal to that section must be multiplied by 0.5 to 
prevent overflow. When the Q is less than or equal to 1, no 
scaling is performed. 


Saturation arithmetic is not provided in this architecture. Careful 
scaling eliminates the need for saturation arithmetic, since the 
A/D will saturate at a precisely known value. 


Aliasing Filters 


Two 4th-order Chebyschev filters permit reduction of the 
sample rate following the mixer. Each filter provides 0.3 dB 
passband ripple and at least 68 dB attenuation of aliasing 
components. The slightly high passband ripple is acceptable, 
since subsequent filters will dominate the composite passband 
shape. 


The first filter permits a sample rate reduction factor of 16. It is 
designed with a passband cutoff frequency of 479 Hz and a 
sample rate of 50 kHz. Eq. (12) predicts the limit cycle noise for 
this filter to be -58 dB. 
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The second filter permits a second sample rate reduction factor 
of two. Its cutoff frequency is 219 Hz, with a sample rate of 
3.125 kHz. Equation (12) predits the limit cycle noise for this filter 
to be -83 dB. This filter also provides an additional 14-dB 
attenuation of the limit cycle noise generated in the first aliasing 
filter, reducing the limit cycle noise from the first filter to -72 dB. 


These two filters permit an overall f, reduction factor of 32 
before processing the Bessell filter, detector, and linear-to-logo 
functions. This results in a very substantial throughput improve- 
ment. Net execution time is determined by the time to execute a 
given function multiplied by the sample rate for that function. 
Thus 32 instructions at the reduced rate will increase the net 
execution time by an amount equivalent to only 1 instruction at 
the full sample rate. 


Fig. 9 shows the aliasing spectra of the sample rate reduction 
process. 
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Figure 9. Aliasing Spectra for f, Reduction 


Lowpass Filter 


A 4th-order Bessel lowpass filter determines the overall band- 
width of the analyzer. The overall bandwidth is twice the 
bandwicth of this filter. Overall bandwidths of 20, 50, 100 or 500 
Hz are provided by loading the proper set of filter coefficients 
into RAM when the bandwidth is selected. 


The Bessel filter provides an optimal transient response for the 
analyzer. Good transient response is important, especially at 
narrow bandwidths, since the spectral peaks are swept with 
respect to the fiter passband. The net effect is similar to pulsing 
the filter input. Because the phase response is critical, the 
matched-z transform is used to convert the analog Bessel design 
to the z-domain. 


The second aliasing filter provides 3 dB of attenuation at 250 Hz. 
When cascaded with the Bessel filter, which also provides 3 dB 
attenuation at 250 Hz in the 500 Hz bandwidth mode, the 
response at this bandwidth is modified. However, since the 
overall bandwidth is relatively broad, good transient response is 
still achieved. Cascading these two filters provides a “transitional” 
filter with a Bessel response at low attenuation and a 
Chebyschev response at high attenuation. At bandwidths less 
than 500 Hz, the combination produces an optimal tradeoff 
between transient response and resolution. 


Analysis of Equation (12) reveals that limit cycle noise increases 
exponentially as the pole frequency is reduced. Operating the 
lowpass filter at the lowest possible sampling frequency (1.5625 
kHz) minimizes limit cycle noise, in addition to improving 
throughput. Limit cycle noise for the lowpass filter will be -95 dB 


at the 500-Hz bandwidth, increasing to -67 dB at the 20-Hz 
bandwidth. 


Detector 


A square-law detector provides a DC signal corresponding to 
the energy at the lowpass filter output. From trigonometry: 


Be 

(A cos wt)* = = (1 + cos 2wt) (15) 
The detector output contains the desired DC term and a single 
undesired term at frequency 2w. If the square law is ideal (easy 
in the digital domain), no additional terms are produced. The 
elimination of harmonics ensures the accuracy of the detector 
with f,/32 = 1.5625 kHz. The highest component is always less 
than f,/64 with a 250 Hz maximum lowpass filter cutoff 
frequency. However, 2w can be anywhere from DC to 500 Hz as 
the VCO sweeps past the spectral component. 


AVCO = BW/n 
AHARMONIC = 2BW/n 


<4 


a4 


1-POLE 
FILTER 


eee 
-BW/2 pc BW/2 


Figure 10. Detector Sweep Filtering 


Fig. 10 illustrates a technique to render the effects of the 2w 
terms negligible. The analyzer passband is divided into n equal 
intervals. The VCO sweep rate is controlled so that the VCO 
sweeps BW/n per f,/32 interval. The detector is followed by a 
single-pole lowpass filter with a 3 dB frequency of BW/n. As the 
VCO sweeps a component through the passband, the DC termis 
present in all n intervals, but the 2w term can affect only one 
interval. The worst-case oa error is 1/n for an ideal cutoff, and 
is multiplied by (20 — +273 +24 42-5 49-55 49-6 + 
2-65 49-7 + 9-7. _.) = 1.85 due to the finite 6 dB/octave 
rolloff of the siRtecee filter. Further analysis reveals that: 


n= et a (16) 
19@/10 = 

where e represents the resulting error in dB. For e = 0.1 dB, 
n = 80. 
In the filter test mode, the signal frequency and VCO frequency 
are the same, forcing w = 0. The detector has no error in this 
mode, but has a 3 dB gain due to the second DC term. 
The detector output represents signal energy. Each bit in the 
detector output word thus represents only 3 dB, and 21 bits are 
required to reflect a 60 dB dynamic range. Double precision 
arithmetic is required for the detector ouput and the single-pole 
filter. The 67C7560 multiplier will handle double precision calcu- 
lations with a time penalty. Fortunately, the calculations to be 
performed are simple and the operations take place at the 
minimum sample rate, reducing the impact on throughput. 


Linear-to-Log Conversion 


The architecture of Figure 6 is customized to provide an efficient 
algorithm for linear-to-logarithmic output conversion. The RAM 
address generator monitors the 8 MSBs of the data bus, and can 
provide a number indicating the MSB position of a positive 
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number. This output is used to retrieve a lookup table value. 
This value is used to scale the data word to quickly left-justify 
the MSB. A second 4-point lookup table is then used to improve 
the accuracy of the resulting logo conversion. A logo con- 
version is adequate, since: 


logy x 


——— (17) 
logo10 


10g 49x = 


Equation (17) demonstrates that the output can be displayed in 
decibels by setting the oscilloscope or X-Y plotter Y-axis gain to 
the proper value. 


Two lookup tables provide .027 dB accuracy for output values 

from 0 to -45 dB, and 3 dB accuracy from —45 to -84 dB. The 

logarithmic accuracy is limited by the 10-bit output word length 

to the D/A. This output can represent 0 to —84 dB in .082 dB 

increments. The accuracy of the 4-point lookup is therefore 

sufficient. 

The logarithmic conversion procedure is as follows: 

1) If the MSB of the data word is not among the 8 MSBs into the 
address generator, multiply the word by Q/ = 128, and 


increment the output number by 7. Repeat until the data 
word is greater than gel but no more than three times. 
Set a flag if this step is executed more than once. 


5 SIG IN 
(10V-PK) 
PAL 16R8 
MHz—> 
8 MH2-—F STROBE GEN) 
OP1 (LLC) 
OPo (DLC) 


INPUT BUF. 


4 


: 74 
ame 
67401 244 


2) Look up the appropriate scale factor, from 29 to 26 Add 
logy of the scale factor to the output word. The conversion 
is now accurate to 3 dB. 


3) If the flag was not set during step 1, multiply the data word 
by the scale factor to left-justify the MSB position. 


4) If the flag was not set during step 1, retrieve an intercept 
and slope value from the 8-word lookup table (four pairs 
available). Perform a linear interpolation using: 


’ 


x =axt+b 
where ais the slope value 
bis the intercept value 


(18) 


The conversion is now accurate to .027 dB. 


5) Scale the result to provide 84-dB output range with a 
10-bit word. 


6) Subtract 2-! from the output to convert it to two's com- 
plement form for the D/A. 


The calculations are double precision for steps 1, 2, and 3, and 
single precision thereafter. The conversion sequence can be by- 
passed using a strap option to provide a linear amplitude output 
from 0 to -30 GB. 


ARITH. 
UNIT 


DATA BUS 
67401 


16 


67401 74 
s = ‘ LS s mm ~ | 
: 244 3 | isa | 
16 
INS TEMPORARY REG. 
z 4—STT 
8 74LS373 || 74LS373 b_ ENT 
ee 
32x16 RAM 16 


VCO HORIZ VERT 


STRAPS 


Figure 11. Simplified Schematic Hi-Fi Audio Spectrum Analyzer 
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Control Logic 


Figure 11 shows a simplified schematic of the analyzer. All 
critical components are shown. Bypass capacitors and some 
component input connections are omitted for clarity. 


The microprogram is stored in three 635281 PROMs. The 
microcode word formats are shown in Figure 12. A wide, highly- 
parallel instruction word ensures maximum flexibility and pro- 
gram efficiency. 


Eight PAL devices interpret the instruction word and control the 
analyzer. Two additional PAL devices generate a 50-kHz strobe 
from the 8-MHz master clock, and implement the output D/A 
multiplexer. The control PAL devices function as follows: 


Sequencer: A PAL20X8 implements an 8-bit instruction sequen- 
cer. The sequencer performs the following operations: 


TYPE 1 
CONSTANT 
Q a ae eer, 
< ie 2s: 2 s& = 
re) INSTR o Ww z < a 
ab w - Ww 3 => 
Cc 
2 a «¢ Oo é 
< re) a 
i ee 
WwW ?2) 


TYPE 2 


ee ee ee | | 
LOAD LOOP CTR 


a a od SEQ 


AU = 
= CNTRL 


INSTR 


AU LOAD 
CONSTAN 


ENABLE RA 
STORE TEM 
ADDR EN 


TYPE 3 
RAM ADDRESS 
MODIFY 
AU Ss ao @ -_ SEQ 
INSTR = S$ 3 entrar 


AU LOAD 


ENABLE RA 

STORE TE 
ADDR EN 
CONSTA 


TYPE 4 


Operation 


Cx 
X Increment by 1 (execute next instruction) 
0 Increment by 2 (skip next instruction) 

0 Jump to address 

0 No increment (repeat current instruction) 


++0 0/9 
QO 
+o+0/Q 


The CX input conditions the sequencer. Conditional 
branches or skip operations can be implemented. The 
sequencer will increment if the conditional requirement is 
not met. 


Condition detector: A_PAL16C1 monitors up to twelve status 
flags, and generates CX. The microcode word includes a 4-bit 


~ N o be = ~ wo w zt o N , oO 
=< < ~< < ser a a a a a a a a 
oO 6) (3) 6) > O90 ° oO (@) (e) ° ©) 


CONSTANT VALUE 


(MSB) 


CONDITION JUMP/LOAD 


8 
VALUE =| 


(MSB) 
LOAD LC 


TEST STRAPS a DECREMENT LC ee 


CONDX EXEC 
JUMP/LOAD LC 


CONDITION ADDR 


a ADDR 
VALUE % 


gig 
M4 CONTROL 


(MSB) 


CONDX EX 
JUMP/LOAD 


Deere ee | ee a ee ee 


AU = & 
INSTR 


mo §& SEQ 
CNTRL 


AU LOAD 
ENABLE RA 
STORE TEM 

ADDR ENA 
CONSTAN 


CONDITION. o Oo 8 & E + Sis ape ae 
e cc 


= O 


CONDX EXE 
JUMP/LOAD 
RAM ADR A 
RAM R 
READ INP 
OUTPUT V 
ENABLE TEM 
OUTPUT VE 
OUTPUT HORI 
TEST STRAP: 


Figure 12. Microinstruction Word Formats 
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condition word, CX0O through CX3. CX will be zero under the 
following conditions: 


CX3 CX2 CX1 CXO Condition for CX = 0 


0 0 0 0 Always (unconditional operation) 
0 0 0 1 Sample strobe (SS) = 1 

0 0 1 0 AU overflow (OVF) = 1 

0 0 1 1 AU busy (AUB) = 1 

0 1 0 0 Input sample ready (INR) = 0 

0 1 0 1 Loop counter timeout (CLC) = 0 
G52 1 OA a 

0 1 1 1 Address control (AC3-ACO0) = 0 

1 0 0 0 ACO=0 

1 0 0 1 ACO =1 

1 0 1 0 AC1=0 

1 0 1 1 AC1i=1 

1 1 0 0 AC2=0 

1 1 0 1 AC2=1 

1 1 1 0 AC3=0 

1 1 1 1 AC3=1 


The assignment is made using the flexible PAL device coding, 
and is optimized for the analyzer. The user can select a different 
set of conditions by reprogramming the PAL device. 


When the microcode represents a constant (Type 1 microinstruc- 
tion — see Figure 12) the CON input forces CX = 1 to suppress 
conditional operations. CX is also used to suppress certain 
strobes in the analyzer, providing conditional arithmetic 
operations. 


Loop counter: A PAL16R6 implements a 6-bit programmable 
down counter. This counter controls iteration loops and provides 
a timeout signal to the condition detector. The counter is preset 
via a Type 2 microinstruction, and can be decremented by other 
Type 2 microinstructions. The counter will halt when zero count 
is reached. Up to 64 iterations can be accommodated with 
minimal overhead. 


Address control: A PAL22V10 provides indexed addressing for 
the 32x16 RAM, and analyzes the eight MSBs of the data bus for 
conditional operations. If D15 represents the data bus sign bit, 
then OP1-OP3 will provide the following functions: 


OP3 OP2 OP1 AC3-ACO Output Function 
: Clear (0000) 


Increment 

Decrement © 

Preset to D15-D12 (Sign + 3 MSB) 
Preset to D14-D11 (4 MSB) 

Preset to D11-D8 (Address load) 
MSB position 

No change 


—_~ st Ss Ht OO 0 OO OC 
++00++00 
+o+o+0-+090 


The ADE input enables a change in the address word. The 
address word will not change if ADE = 1. 


The MSB position function indicates the position of the MSB for 
positive numbers. AC3 represents sign bit D15. This output 
should be zero. AC2-AC1 represent the position of the first 1 
following the sign bit. Code 0000 indicates that D15-D8 are all 0. 


input/RAM control: Miscellaneous FIFO input and RAM control 
is provided by a PAL 10L8. The 67401 FIFO includes input ready 
(FIR) and output ready (FOR) signals, which are latched using 
the input/output shift clocks to generate two flags. The first flag 
(FR) resets the FIFO when input ready (latched) goes low, 
indicating the FIFO capacity is exhausted. The latched output 
ready signal flag represents input sample ready (INR). The INR 


flag is used as a sequencer condition to synchronize wait loops. 
Use of the FR and INR flags maintains proper fill of the FIFO. 


The RAM address LSB (AO) and read-write line (R/W) are 
decoded and latched. These signals are provided directly by 
Type IV microinstructions. 


Notice that a clocked register function requires two PAL 
combinatorial outputs per bit, while a transparent latch function 
requires only one PAL output per bit. 


Arithmetic unit control: The variety of functions listed in Table 3 
indicate the utility of the arithmetic unit (AU). A PAL16R6 pro- 
vides simplified control of the AU. 


The PAL devices and AU load signal provide conditional arith- 
metic operations. Gating the load input will suppress the start of 
a new arithmetic operation. When CXE is high, the operation is 
performed unconditionally. When CXE is low, the operation is 
performed only if CX is low. Combining conditional jumps and 
conditional AU operations provides a high degree of program 
flexibility. 


The PAL device monitors the AU instructions and generates a 
busy signal (AUB). A counter in the PAL device keeps track of 
variable-length operations to provide the correct output for any 
instruction sequence. The AUB signal conditions the sequencer 
to synchronize the microprogram to the AU operation. Microp- 
rogramming is simplified as a result. 


The PAL device also gates the input FIFO shift out clock (INS) to 
eliminate transients while providing a full 125-ns pulse for proper 
FIFO operation. 


Data strobe generator: A PAL10L8 provides a number of 
transient-free, gated strobes. These strobes provide control of the 
analyzer data flow. The PAL device interprets the microinstruc- 
tion to determine the proper microinstruction type, and gener- 
ates the strobes accordingly. 


The PAL device also generates an 8-MHz buffered clock, as 
shown in Figure 11. The crystal oscillator circuit provides inde- 
pendent AC and DC feedback, permitting reliable operation with 
the PAL device. 


Strap/output sample control: A PAL16L8 generates additional 
control strobes for the output sample-and-hold circuits. 


The PAL device also provides a tristate buffer function, connect- 
ing control straps to the data bus for certain conditional jump 
operations. Two straps select the desired analyzer bandwidth/ 
sweep rate, and the third strap selects linear or logarithmic 
output. 

Signal output 


The VCO output must be sampled at precise intervals to avoid 
phase modulation effects. Three 67401 FIFOs buffer the VCO 
samples, which are generated during the 50-kHz input process- 
ing. A 12-bit D/A converter provides better than 91 dB signal-to- 
distortion ratio. The S&H circuit provides VCO outputs at pre- 
cise 50-kHz intervals, and removes spikes that are generated in 
the D/A converter. All necessary control signals are generated 
by the strap/output data control PAL device. 


The horizontal and vertical outputs normally drive an X-Y plotter or 
oscilloscope. There is no need to buffer these signals as long as 
the two outputs track each other. The D/A used for the VCO 
output is shared by adding two PAL12H6 chips programmed as 
multiplexers. Use of PAL devices requires fewer packages than a 
TTL multiplexer. Additional S&H circuits decode the multiplexed 
D/A output to separate the output signals. 


LL 
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The architecture can implement a variety of DSP functions. A 
microprogram, stored in 63S281 PROMs, customizes the archi- 
tecture to perform the spectrum analyzer tasks. The microin- 
struction formats were summarized in Figure 12. The algorithms 
to be implemented were discussed in the previous section. The 
step-by-step implementation of these algorithms is converted to 
a sequence of microinstructions to form the microprogram. The 
procedure is analogous to programming a microprocessor. 


Operation of the microprogram is better understood by consid- 
ering the allocation of the 74S218 RAM locations, shown in 
Figure 13. The microprogram consists of two parts. High-speed 
input processing provides the carrier generation, mixing, alias- 
ing filter and lowpass filter functions. Figure 13a shows the RAM 
allocation during input processing. The input segment includes 
an efficient iteration loop, using the PAL device loop counter, to 
process the 50-kHz functions. The carrier frequency shift and 
lowpass filter functions are processed at the fs/32 reduced sam- 
ple rate for maximum throughput efficiency. 


The values of sin A, cos A, and the Bessell filter coefficients 
depend on the analyzer bandwidth strap selection. These values 
are stored in a “table” area in Fig. 13, and can be easily changed. 
The fixed aliasing filter coefficients are stored as constants in the 
microprogram itself. 


(A4-A1) 


0 1 2 3 4 5 6 7 


SIN Y SIN A 


CARRIER GENERATOR LOWPASS 


FILTER 


(a) INPUT 


SCALE | SCALE | SCALE | SCALE 
A B Cc D 
LOG A} LOG B| LOG C| LOG D 


LIN-LOG SCALING 


Audio Spectrum Analyzer 


Once the input processing is complete, coefficients located in 
the table area can be changed. This area is re-used by the output 
program segment to hold the scale factors for the linear-to-log 
conversion routine. The detector functions are processed, and 
the logarithmic conversion is started with the RAM allocation of 
Figure 13(b). The table area is then reloaded with the interpola- 
tion coefficients (Figure 13(c)) to complete the logarithmic con- 
version. Shaded areas in Figure 13 provide temporary data and 
flag storage for the routines. 


The microprogram samples the strap settings and loads the table 
area with the appropriate coefficients for input processing. The 
detector filter coefficient (b) is also determined and loaded. 
The input processing is then repeated. This sequence repeats 
indefinitely. The coefficient loading technique makes efficient 
use of RAM capacity while eliminating elaborate jump 
sequences. All coefficient table updates are processed at the 
minimum sample rate for best efficiency. 


The PAL device controllers simplify the microprogram. A PAL 
device provides hardware iteration loops. The AU controller 
eliminates wasteful “NO-OP” instructions otherwise required to 
allow completion of AU operations. The input control PAL 
device simplifies handshaking with the input logic. With the 
benefit of the PAL device controllers, the analyzer microprogram 
easily fits into the 256-instruction capacity of the PROMs. 


9 a 


ALIASING FILTERS 


LIN-LOG INTERPOLATION 


KEY: Z2 SCRATCH 
= NOT USED 


X NOT AVAILABLE 
CJ TABLE 


(c) OUTPUT-2 


Figure 13. RAM Allocation 
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TITLE AN-100 DSP Counter 
PATTERN DSPCOUNT 

REVISION 1 

AUTHOR Marc Baker 

COMPANY Monolithic Memories 
DATE August 20, 1987 


CHIP DSPCOUNT PAL20X8 


CLK NC OP3 OP4 OP5 OP6 OP7 CO Cl /CX NC GND 
/OE NC A7 A6 AS5 A4 A3 A2 Al AO /LOAD VCC 


EQUATIONS 
LOAD = /CO* Cl* CX ;FED BACK TO EQUATIONS 
/AO0 := £/LOAD*/AO0 ;HOLD/INCREMENT BY 2 

+ FERS El Cx ;LOAD 0 

e+: /CO*/Cl ; INCREMENT BY 1 
/Al := £/LOAD*/A1 ; HOLD 

+ -JEO* -El*. CX ;LOAD 0 

st: S/CO*A/C1* AO ; INCREMENT BY 1 

+  CO*/C1* CX*/A0 | ; INCREMENT BY 2 
/A2 := /LOAD*/A2 ; HOLD 

+- JEO®- CEs ce ;LOAD 0 

3+: /CO* /EI* Al* AO ; INCREMENT BY 1 

+ CO*/C1* CX* Al*/A0 ; INCREMENT BY 2 
/A3 := /LOAD*/A3 ; HOLD 

+ JCO* -Cl*-CX*/OP3 ; LOAD 

s+: /CO*/C1* A2* Al* AO ; INCREMENT BY 1 

+ CO*/C1* CX* A2* Al*/A0 ; INCREMENT BY 2 
/A4 := /LOAD*/A4 ; HOLD 

+ /CO* Cl* CX*/OP4 ; LOAD 

s+: /CO*/C1* A3* A2* Al* AO ; INCREMENT BY 1 

7 CO*/C1* CX* A3* A2* Al*/A0 ; INCREMENT BY 2 
JAS := /LOAD*/AS5 ; HOLD 

+. -- J/COs: “67 * -Cx* /OP5 ; LOAD 

s+: /CO*/C1* A4* A3* A2* Al* AO ; INCREMENT BY 1 

a CO*/C1* CX* A4* A3* A2* Al*/AO ;INCREMENT BY 2 
/A6 := /LOAD*/A6 ; HOLD 

+ /CO* C1* CX*/OP6 ; LOAD 

s+: /CO*/C1* AS* A4* A3* A2* Al* AO sINC BY 1 

+ CO*/C1* CX* AS* A4* A3* A2* Al*/A0 ; INC BY 2 
/A7 := /LOAD*/A7 ; HOLD 

+ /CO* Cl1* CX*/OP7 ; LOAD 

s+: /CO*/C1* A6* AS* A4* AZ* A2* Al* AO ;INC BY 1 

+  CO*/Cl* CX* A6* AS* A4* A3* A2* Al*/AO ;INC BY 2 
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SIMULATION 
TRACE ON CLK A7 A6 A5 A4 A3 A2 Al AO ;Trace CLK and outputs 


SETF OE /CO Cl CX /OP7 /OP6 /OP5 /OP4 /OP3 
CLOCKF CLK ;Load all Os 
CHECK /A7 /A6 /AS /A4 /A3 /A2 /Al /AO 


SETF CO /Cl 
CLOCKF CLK ;Increment by 2 
CHECK /A7 /A6 /AS /A4 /A3 /A2 Al /AO eto <2 


CLOCKF CLK ;Increment by 2 
Cieeck: /A7 7RG. /AS. /A4: JAS — A2 7A1 /A0-' -:t0°4 

CLOCKF CLK ;Increment by 2 
CHECK /A7 /A6 /AS /A4 /A3 A2 Al /AO ;to 6 

SETF /CO 

CLOCKF CLK ;Increment by 1 
CHECK /A7 /A6 /AS /A4 /A3 A2 Al _ AO rae ie 

CLOCKF CLK ;Increment by 1 
CHECK /A7 /A6 /AS /A4 A3 /A2 /Al /A0 sto 8 

SETF CO Cl 

CLOCKF CLK ;Hold 

CLOCKF CLK ;Hold 


CHECK /A7 /A6 /A5 /A4 A3 /A2 /Al /AO ste’ Ss 


TRACE OFF 
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Ti rue AN-100 DSP Condition 
PATTERN DSPCOND 

REVISION ce 

AUTHOR Marc Baker 

COMPANY Monolithic Memories 
DATE August 20, 1987 


CHIP DSPCOND PAL16Cl 


CX3 CX2 CXl CxO SS OVF AUB INR /LLC GND 
/CON ACO AC1 AC2 /CX COMP CX AC3 NC NC_ VCC 
EQUATIONS 
CX = /CX3*/CX2*/CX1*/CX0* CON 
/CX3*/CX2*/CX1* CXO* SS* CON 

/CX3* /CX2* CX1*/CX0* OVF* CON 

/CX3*/CX2* CX1* CX0* AUB* CON 

/CX3* CX2*/CX1*/CX0*/INR* CON 
/CX3* CX2*/CX1* CX0* LLC* CON 
/CX3* CX2* CX1*/CX0*/LLC* CON 
/CX3* CX2* CX1* CX0*/AC3*/AC2*/AC1*/ACO* CON 
CX3*/CX2*/CX1*/CX0*/ACO* CON 

CX3*/CX2*/CX1* CXO* ACO* CON 

CX3*/CX2* CX1*/CX0*/AC1* CON 

CX3*/CX2* CX1* CX0* AC1* CON 

CX3* CX2*/CX1*/CX0*/AC2* CON 

CX3* CX2*/CX1* CX0* AC2* CON 

CX3* CX2* CX1*/CX0*/AC3* CON 

CX3* CX2* CX1* CxXO* AC3* CON 


t++eteetteeeteeteesei 


SIMULATION 


SETF /CON ;SET /CX HIGH 
CHECK /CX 


SETF CON /CX3 /CX2 /CX1 /CX0 ;CX3-CX0=0 
CHECK CX 


SET /CX LOW 


SETF CxO SS ;CX3-CX0=1 
CHECK CX 


SET /CX LOW 


SETF CXl /CX0 OVF ;CX3-CX0=2 
CHECK CX 


SET /CX LOW 


SETF CX0 AUB > CX3-CX0=3 SET /CX LOW 


CHECK CX 


SETF CX2 /CX1 /CX0O /INR ;CX3-CX0=4 SET /CX LOW 


CHECK CX 


SETF CxO LLC ;CX3-CX0=5 
CHECK CX 


SET /CX LOW 
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SETF CXl /CX0 /LLC ;CX3-CX0=6 - SET /CX LOW 

CHECK CX 

SETF CX0 /AC3 /AC2 /AC1 /ACO ;CX3-CX0=7 - SET /CX LOW 

CHECK CX 

SETF CX3 /CX2 /CX1l /CXO ;CX3-CX0=8 - SET /CX LOW 

CHECK CX 

SETF CX0 ACO ;CX3-CX0=9 - SET /CX LOW 

CHECK CX 

SETF CXl /CX0 ;CX3-CX0=10 - SET /CX LOW 
CHECK CX 

SETF CX0 ACl ;CX3-CX0=11 - SET /CX LOW 
CHECK CX 

SETF CX2 /CXl /CX0 ;CX3-CX0=12 - SET /CX LOW 
CHECK CX 

SETF CX0O AC2 ;CX3-CX0=13 - SET /CX LOW 
CHECK CX 

SETF CXl /CX0 ;CX3-CX0=14 - SET /CX LOW 
CHECK CX 

SETF CX0 AC3 ;CX3-CX0=15 - SET /CX LOW 
CHECK CX 
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TITLE AN-100 DSP Address Control 
PATTERN ADDCONT 

REVISION 1 

AUTHOR Marc Baker 

COMPANY Monolithic Memories 

DATE August 21, 1987 


CHIP ADDCONT PAL22V10 


CLK OP3 OP2 OP1 /ADE D15 D14 D13 D12 NC NC GND 
NC NC Dll D10 ACO AC1 AC2 AC3 D9 D8 NC VCC 


GLOBAL 
EQUATIONS 
ACO := /OP3*/OP2* OP1*/ACO* ADE ; INC 
+ /OP3* OP2*/OP1*/ACO* ADE ;DEC 
+ /OP3* OP2* OP1* D12* ADE :D12 
+ OP3*/OP2*/OP1* D1l1l* ADE :D1l 
+ OP3*/OP2* OP1* D8 * ADE >D8 
+ OP3* OP2*/OP1* D14* ADE ;MSB EQUATIONS 
+ OP3* OP2*/OP1*/D14*/D13* D12* ADE 
+ OP3* OP2*/OP1*/D14*/D13*/D12*/D11* D10* ADE 
+ OP3* OP2*/OP1*/D14*/D13*/D12*/D11*/D10*/D9*D8* ADE 
+ OP3* OP2* OP1* ACO : HOLD 
+ ACO*/ADE ; HOLD 
ACl := /OP3*/OP2* OP1* AC1*/ACO* ADE ; INC 
+ /OP3*/OP2* OP1*/AC1* ACO* ADE ; INC 
+’ /OP3* OP2*/OP1* AC1* ACO* ADE ;DEC 
+ /OP3* OP2*/OP1*/AC1*/ACO* ADE ;DEC 
+ /OP3* OP2* OP1* D13* ADE :D13 
+ OP3*/OP2*/OP1* D12* ADE >D12 
+ OP3*/OP2* OP1* D9 * ADE :D9 
+ OP3* OP2*/OP1* D14* ADE ;MSB EQUATIONS 
+ OP3* OP2*/OP1*/D14* D13* ADE 
+ OP3* OP2*/OP1*/D14*/D13*/D12*/D11* D10* ADE 
+ OP3* OP2*/OP1*/D14*/D13*/D12*/D11*/D10* D9* ADE 
+ OP3* OP2* OP1* ACl ; HOLD 
+ AC1*/ADE ; HOLD 
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++eeteteeettere+eest i 


AC3 


teeter teteeeetestil 


/OP3*/OP2* OP1*/AC2* AC1* ACO* ADE 
/OP3*/OP2* OP1* AC2*/AC1* ADE 
/OP3*/OP2* OP1* AC2* /ACO* ADE 


/OP3* 
/OP3* 
/OP3* 
/OP3* 


OP2*/OP1*/AC2*/AC1*/ACO* ADE 
OP2*/OP1* AC2* AC1* ADE 
OP2*/OP1* AC2* ACO* ADE 
OP2* OP1*. D14* ADE 


OP3*/OP2*/OP1* D13* ADE 
OP3*/OP2* OP1* D1l0* ADE 


Or 3* 
OPS* 
OP3* 
OP3* 
OP3* 


OP2*/OP1* D14* ADE 
OP2*/OP1* D13* ADE 
OP2*/OP1* D12* ADE 
OP2*/OP1* D11* ADE 
OP2* OP1* AC2 


AC2*/ADE 


/OP3*/OP2* OP1*/AC3* AC2* AC1* ACO* 
/OP3*/OP2* OP1* AC3*/AC2* 
/OP3*/OP2* OP1* AC3* /BC1* 
/OP3*/OP2* OP1* AC3* /BCO* 


/OP3* 
/OP3* 
/OP3* 
/OP3* 
/OP3* 


OP2* /OP1* /AC3* /AC2* /AC1*/ACO* 
OP2*/OP1*/AC3* AC2* 
OP2*/OP1*/AC3* AC1* 

OP2* /OP1*/AC3* ACO* 
OP2* OP1* D15* ADE 


OP3*/OP2*/OP1* D14* ADE 
OP3*/OP2* OP1* D1l1l* ADE 


OP3* 


OPZ2* OP1* AC3 


AC3* /ADE 


SIMULATION 


TRACE ON CLK AC3 AC2 ACl ACO 


SETF ADE /OP3 /OP2 /OP1 


CLOCKF 


CLK 


;CLEAR TO 0 


CHECK /AC3 /AC2 /AC1 /ACO 


SETF OP1l 


CLOCKF 


CHECK /AC3 


CLOCKF 


CHECK /AC3 


CLOCKF 
CLOCKF 
CLOCKF 
CLOCKF 
CLOCKF 
CLOCKF 


CLK 


CLK 


CLK 
CLK 
CLK 
CLK 
CLK 
CLK 


; INCREMENT TO 1 
/AC2 /AC1 ACO 


; INCREMENT TO 2 
/AC2 ACl /ACO 


; INCREMENT TO 8 


CHECK AC3 /AC2 /AC1 /ACO 


ADE 
ADE 
ADE 
ADE 
ADE 
ADE 
ADE 
ADE 


Audio Spectrum Analyzer 


; INC 
; INC 
; INC 
> DEC 
>DEC 
=DEC 
;D14 
*Di3 
;D10 
;MSB EQUATIONS 
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Audio Spectrum Analyzer 


SETF OP2 /OP1 
CLOCKF CLK ;DECREMENT TO 7 
CHECK /AC3 AC2 ACl ACO 


CLOCKF CLK 

CLOCKF CLK 

CLOCKF CLK 

CLOCKF CLK ;DECREMENT TO 3 
CHECK /AC3 /AC2 ACl ACO 


SETF OPl /D15 D14 /D13 Dl2 /Dll 
CLOCKF CLK ;SET TO D15-D12 
CHECK /AC3 AC2 /AC1 ACO 


SETF OP3 /OP2 /OP1 
CLOCKF CLK ;SET TO D14-Dll 
CHECK AC3 /AC2 ACl /ACO 


SETF OPl D10 /D9 D8 
CLOCKF CLK ;SET TO D11-D8 
CHECK /AC3 AC2 /AC1 ACO 


SETF OP2 /OP1 
CLOCKF CLK ;CHECK MSB 
CHECK /AC3 AC2 ACl ACO 


SETF /D14 
CLOCKF CLK ;CHECK MSB 
CHECK /AC3 AC2 /AC1 ACO 


SETF OP1 
CLOCKF CLK ; HOLD 
CHECK /AC3 AC2 /AC1 ACO 


SETF /OP3 /OP2 /OP1 /ADE ; HOLD 
CLOCKF CLK 
CHECK /AC3 AC2 /AC1 ACO 


TRACE OFF 
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First-In First-Out Memories: 
Operations and Applications 


In many digital systems, high-speed transfers of data or instruc- 
tions take place between sources and destinations that have 
different data rates. In other cases, the source and destination 
cannot operate simultaneously thereby needing some kind of 
data buffer at either source or destination. First-In First-Out 
(FIFO) memories are devices used to provide both data buffering 


11115A 
JULY 1988 


Zwie Amitai and Nusra Lodhi 


and data rate matching between source and destination in digital 
systems. A family of FIFO devices, available from AMD, covers 
a wide range of data rates as well as different applications such 
as high-speed data acquisition, and serial to/from parallel format 
conversions. 
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First-In First-Out Memories: 
Operations and Applications 


Zwie Amitai and Nusra Lodhi 


What’s a FIFO? 

Definition 

FIFO means First-In First-Out. In this case FIFO refers to a 
First-In First-Out, 2-port memory device. The data stored in a 
FIFO memory is provided at the output port in the same 
sequence that the data was written via the input port. Writing and 
reading data can be completely independent operations except 
when the FIFO is full or empty. The FIFO is empty and no more 
words can be read whenever the total number of words read 
since reset is equal to the total number of words written. The 
FIFO is fulland no more words can be written whenever the total 
number of words written is equal to the number of words read 
plus the capacity of the FIFO. 


FIFO Operation 


FIFO memories are used to assemble incoming data in a word 
serial buffer to be read out later in the order written, usually ata 
different rate. A simple mechanical analogy is the old fashioned 
coin dispenser used by the ice cream vendor or amusement park 
arcade vendor (Figure 1). Each coin tube has storage space for a 
number of coins, say sixty-four coins for example. Coins are 
dropped into each tube one at a time through a slot in the top of 
the tube. When a coin is entered, it fails to the top of the stack of 
coins already stored in the tube. When change is needed, the 
vendor pushes a lever near the bottom of the tube. This releases 
a single coin each time the lever is depressed and released. The 
coin dispenser is clearly a FIFO memory for coins because coins 
are released at the bottom of the tube in the same order they 
were entered at the top, but usually at a different rate. 


Figure 1. A FIFO Buffer for Coins 
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Each time a coin is removed from the bottom of the tube, the 
coin directly above it moves down to fill the vacant space. The 
same happens to each of the other coins in the stack. There is no 
restriction on loading and delivering coins asynchronously or 
simultaneously except for the empty and full conditions. If the 
tube is empty or if a coin has not yet fallen to the bottom of the 
tube, nothing will happen when the coin release lever is pressed. 
When the tube has sixty-four coins stored, it is not possible to 
stuff another coin into the tube. The operation of the 67401 FIFO 
is directly analogous to the coin changer except that the 67401 
has four coin tubes that operate together rather than four inde- 
pendent tubes in the coin changer. 


Using a FIFO 
Do You Need a FIFO? 


If you are designing or using a digital system involving high- 
speed transfers of data or instructions from sources to destina- 
tions, you may find a FIFO memory to be useful and economi- 
cally beneficial. Many digital devices such as computers and 
peripherals have natural or fixed rates for transmitting and 
receiving data. The most efficient transfers occur when both the 
source device and the destination device can operate at the 
same high speed, and when both perform data transfers simul- 
taneously. Unfortunately this is seldom the case, and either the 
source or the destination device must spend some time waiting 
or attending to other chores: Data rate matching, and data 
buffering, to provide the delay between source transmit to desti- 
nation receive, are two of the principal applications for FIFO 
memories. 


You should consider the possibility of using a FIFO whenever 
your system requires transferring data, commands, or instruc- 
tions from any of the following sources to any of the following 
destinations. Table 1 shows the family of FIFOs available from 
Monolithic Memories. 


SOURCES 


Computer CPU 

RAM or ROM 

Disk Memory Unit 

Magnetic Tape Unit 

Paper Tape Reader 

Keyboard 

Analog-to-Digital Converter 

Telephone Communications 
Modem 

Radio Transmitter 

Timeshare Computer 
System 

Data Bus Within Computer 

Address Bus Within 
Computer 

Electromechanical Device 


DESTINATIONS 


Computer CPU 

RAM 

Disk Memory Unit 

Magnetic Tape Unit 

Paper Tape Punch 

CRT Display 

Digital-to-Analog Converter 

Telephone Communications 
Modem 

Radio Receiver 

Timeshare Computer 
System 

Printer 

Panel Meter Display 


Electromechanical Devices 


First-In First-Out Memories: Operations and Applications 


64x8/9 


67417A 


PART NUMBER ORGANIZATION FEATURES 


57402 
57402A 
Re ees Sie 
67402 
67402A 


67413 

64x5 
5/67413A 
748225 10 MHz Com 


28 MHz serial rate 


Serializing FIFO 


10 MHz parallel rate 


Table 1. FIFO Family 


Classes of FIFO Applications 


The two principal uses for the 67401 FIFO are data rate match- 
ing and data buffering. Actually these classes overlap some- 
what because data rate matching implies data buffering within 
the FIFO in order to achieve the objective or writing into the 
FIFO at one rate and reading out of the FIFO at another rate. 
Itis also apparent that you cannot write at one rate and read at 
another rate continuously without eventually filling (fast write, 
slow read) or emptying (slow write, fast read) any fixed length 


FIFO memory. Once the FIFO is full, it cannot accept addi- 
tional data until it begins to empty due to reading or clearing its 
contents. 


In the other case, once the FIFO has been emptied, it makes no 
sense to continue reading until more data has been written. 
This limitation implies that the faster rate operation (whether 
reading or writing) must be done in bursts with gaps between 
bursts to allow time for empty storage space to be created 
within the FIFO by the slower rate operation. 


SLOW AND 


[Fro] STEADY ws 


Figure 2. Data Transfer from Magnetic Tape Unit to Printer 


High-Speed Burst to Lower Speed Steady Rate 


Figure 2 shows a magnetic tape unit supplying data to a line 
printer. The printer prints characters at a regular rate that is 
slower than the magnetic tape unit can supply characters 
(Figure 3). 


HIGHER SPEED DATA BURSTS LOW SPEED STEADY RATE 


Figure 3. Fast Rate to Slow Rate 
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It is usually inconvenient and expensive to require the MTU to 
stop and start between characters to wait for the printer. The 
MTU operates more efficiently by writing a burst of characters at 
its fixed high rate into the FIFO then waiting for the printer to 
read the FIFO at its fixed low-speed rate. When the FIFO buffer 
becomes empty (or almost empty), it can notify the MTU to 
supply another burst of data. The FIFO’s Output Ready signal 
can be used as an interrupt. It may be convenient to size the FIFO 
at the maximum line length so that the MTU can reload the FIFO 
whenever it sees a carriage return. Figure 4 shows a similar 
application where the printer is being driven from a high-speed 
computer. By sending bursts of data to the printer, the computer 
is free between bursts to perform other tasks, such as process- 
ing the data to be printed. The practice of storing high-speed 
bursts in the FIFO and reading at a slower steady rate is useful 
for many high-speed burst data sources such as disk memories, 
random access memories, and high-speed data communica- 
tions links. The printer is typical of a number of fixed rate 
slow-speed devices such as a paper tape punch, analog-to- 
digital converter, or a telephone data link. 


Direct Memory Access (DMA) is often used as a solution to this 
kind of rate matching problem. With DMA, the computer stores 
data in its RAM at the high-speed burst rate. The slow-speed 
device then reads the RAM directly at its leisure. This method, 
however, requires a considerable amount of hardware to 
implement the DMA operation. Because of its simple logic struc- 
ture the FIFO permits a reduction in hardware. 


OTHER 
DEVICES 


SLOW AND 


OCCASIONAL STEADY 


BURSTS 


OTHER 
DEVICES 


Figure 4. Data Transfer from Computer CPU to Printer 


Low-Speed Steady Rate to High-Speed Burst 


Another common situation in digital data transmission is shown 
in Figure 5. Here the source of data operates at a slow steady 
rate, while the data destination device is capable of higher speed 
burst reception. This is illustrated by a paper tape reader supply- 
ing data to a high-speed CPU in Figure 6. If the computer were 
required to read the paper tape reader directly in a programmed 
I/O operation, it would spend most of its time waiting for the 
reader to advance. This isa common occurance in microcompu- 
ter software development systems. If the computer can be used 
for other tasks while it is reading the tape, its operation becomes 
more efficient and its throughput is higher. Using the FIFO, the 
tape reader stores the incoming data at its natural rate. The 
computer reads the FIFO at its maximum input rate until the 
FIFO is empty or until the computer turns its attention to another 
task. This slow rate to fast burst operation is appropriate for 
source devices such as analog-to-digital converters and tele- 
phone modems. The destination devices could be a magnetic 
tape, disk, or CRT display operating at speeds up to 15 MHz. 


@©eee8ee ©0000 COCCOS 080808 
e©e0eeee CCOCOS COCOOS 000008 
e@eeeee ©00COS CO8COS 008008 
e©eeeee @CCOCOS COOCOS CO0CC® 
LOW SPEED STEADY RATE HIGHER SPEED DATA BURSTS 


Figure 5. Slow Rate to Fast Rate 


ible ae ae 
|S 


(i reer 


PAPER TAPE READER 


Figure 6. Data Transfer from Paper Tape Reader to CPU 


Steady Rate to Erratic Rate 


Figure 7 illustrates a situation where data is available from a 
source ata fixed rate, but is used by the destination devices at an 
erratic or unpredictable rate. One example of this situation is a 
printing terminal receiving data from a telephone modem con- 
nected to a timeshare computer (Figure 8). The computer and 
modem transmit the data at a steady rate, say 300 baud. The 
printer prints at a steady rate until it gets a carriage return 
character. The printer may then require several character times 
to execute the carriage return before it can print the characters 
that follow. This problem can be solved using the FIFO as a 
buffer so that the characters following the CR are stored in the 
FIFO and printed at the natural rate of the terminal. Note that the 
interval between printing successive characters must actually be 
slightly faster than 300 baud so that the printer can catch up after 
each carriage return. Otherwise, the FIFO would gradually fill up 
and overflow. This is a fundamental characteristic of FIFO 
buffers. In all cases the average input data rate over a long period 
of time cannot exceed the average output data rate. In practice 
the size of the FIFO is determined by the duty cycle of the higher 
data rate as well as the ratio of input rate to output rate. 


Figure 7. Steady Rate to Erratic Rate 


TIMESHARE 
SYSTEM 


TELEPHONE 
TO TIMESHARE PRINTING 
COMPUTER TERMINAL 


Figure 8. Timeshare Computer System to Printing Terminal 
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Another example of steady to erratic data rate is the interface to 
a machine tool such as the turret drill shown in Figure 9. The 
FIFO is used to store commands received from magnetic tape at 
a steady rate or a high-speed burst. The execution of these 
commands varies depending on the mechanical operation 
required. Changing drills may require much longer than drilling 
a series of holes. 


In some numeric control systems the instructions for a whole 
shop full of machine tools may be provided by a single shared 
computer. In this case, FIFOs can be used in each machine tool 
to store a burst of instructions. Then the computer is free to 
control other machines, check status, or execute maintenance 
operations while each machine continues executing commands 
stored in its own FIFO memory. 


The example in Figure 12 shows a digital system using a large 
high-speed host computer to control a multitude of slower slave 
computers (possibly microprocessors). The host computer 
transmits high-speed bursts of commands and data to micropro- 
cessors connected to its |/O bus. These are stored in FIFOs and 
executed by the microprocessors at their own rates. The host 
computer can control a large number of microprocessors and 
service its own peripheral devices in either timeshared or multi- 
processing mode. Each individual microprocessor uses FIFOs 
to accumulate results and status information to be polled by the 
host periodically. In addition each microprocessor operates at 
its effective rate by buffering its |1/O operations in FIFOs. The 
whole system is connected to a remote control radio link using a 
FIFO to adjust the data rate between the receiver and the host 
computer. 


TURRET DRILL 


Figure 9. Magnetic Tape Unit to Turret Drill 


Figure 10. Erratic Rate to Steady Rate with Gaps 


MAGNETIC 
TAPE UNIT 


KEYBOARD 


Figure 11. Keyboard to Magnetic Tape Unit 


TERMINAL 


HOST 
\V/ COMPUTER 


RADIO i 
COMMAND FIFO 
LINK 


Figure 12. Multiple Processors Receive High-Speed Burst 
Commands, Execute at Slower Rate, Accumulate 
Status Information at Slow Rate and Transmit Sta- 
tus at Burst Rate when Polled 


Erratic Rate to Steady Rate 


In many cases data is transmitted at an erratic or unpredictable 
rate, but must be formed into steady high-speed bursts (Figure 
10) to be efficiently used by the receiving device. A typical 
example of this situation is the keyboard to tape machine shown 
in Figure 11. The information is generated by the keyboard 
operator at a very erratic rate. The FIFO is used to avoid starting 
and stopping the tape at irregular intervals to record single 
characters. As a result, the tape unit can record data in longer 
records, thereby saving tape and saving the higher cost of an 
incremental tape recorder. 


MAGNETIC 
HIGH-SPEED weaves 


Skew Buffering 


Up to this point all the examples we have considered have 
involved parallel words of digital data where each bit in each 
word was transmitted simultaneously with the other bits in that 
word. In high-speed magnetic tape readers and other high- 
speed devices, this may not bea realistic assumption. Figure 13 
shows a hypothetical 4-bit magnetic tape system reading four 
parallel tracks from a tape. Before this data can be used ina 
digital system, it must be amplified, properly formatted and 
stored in an output register. Usually the individual bits of a given 
data word have been skewed with respect to each other during 
the record and playback operations. The actual data from the 
tape heads may look something like Figure 14. In some systems 
individual bits may be skewed as much as three words away 
from their companion bits. Deskewing the signals from the tape 
is an ideal application for the high speed of the 67401/A/B FIFO. 
In such systems there is usually other information about the 
skewed bits that can be detected and used to help deskew the 
data. In this application a separate FIFO must be used for each 
parallel bit of raw data. The remaining three bits of the FIFO may 
be used to buffer other data relating to the raw data. In our 4-bit 
example, skewed data is stored in bit zero of four parallel FIFOs 
and deskewed data is read at their outputs at the same average 
word rate for input and output. 
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MAGNETIC 
TAPE 
CHANNEL 1 


MAGNETIC 
TAPE 


MAGNETI 
CHANNEL 2 ” 2 


TAPE 
UNIT 


(MTU) 
OUTPUT 
REGISTER 


MAGNETIC 
TAPE 
CHANNEL 3 


MAGNETIC 
TAPE 
CHANNEL 4 


Figure 13. Magnetic Tape Lead to MTU Output 
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3-BIT 

SKEW 


Figure 14. Magnetic Tape Deskewing 


Data Buffering for Delay 


In many applications the read and write rates of the FIFO are the 
same and may even be synchronized. This occurs when the 
data originating from the source must be delayed before it can 
be accepted by the destination device. If the destination for the 
data is a computer and it is occupied by controlling the source 
while the data is being generated, then the source data can be 
stored in the FIFO until the computer is freed from that task. 
Then it can immediately begin processing the data from the 
FIFO in the order that it was generated. 


FIFO Detailed Description of Operation 


The Monolithic Memories’ 67401 (Figure 15) is a high-speed, 
bipolar FIFO with a capacity of sixty-four 4-bit words. Four data 
lines, an active high READY status signal, and a clock input are 


SHIFT IN 


INPUT READY 


INPUT DATA XXKXAARY ( 


y 


¢ 


provided for both the input port and output port. Also provided is 
a master reset signal that logically clears the FIFO to the empty 
condition. 


Data is entered into the first stage of the FIFO whenever the 
“AND” of the INPUT READY output signal and the SHIFT IN 
signal makes a LOW-to-HIGH transition. The device acknowl- 
edges the acceptance of data into the first stage by providing a 
LOW output on the INPUT READY line. The data then remains in 
the first stage until the SHIFT IN signal and INPUT READY 
signal are both LOW, and the next memory cell is empty. The 
device then passes the data from the input stage to the next 
memory cell thus freeing the input stage to accept another word. 
The device indicates the ability to accept the next word by 
providing a HIGH output on the INPUT READY pin. 


Internally the data is passed from one cell to the adjacent down- 
stream Cell, as soon as the adjacent downstream cell is empty. 
This internal transfer operation occurs at a higher rate than data 
can be written into and read from the device. 


The output stage is loaded with new data whenever it is empty 
and the next stage upstream is not empty. The loading of the 
output stage is indicated by the OUTPUT READY signal making 
a LOW-to-HIGH transition. A specified delay time after both 
OUTPUT READY and SHIFT OUT signals are HIGH, the OUT- 
PUT READY signal will go LOW. The output becomes empty 
when the SHIFT OUT signal makes a high-to-low transition. The 
timing diagram for these operations is shown in Figures 16 and 17. 


62 WORD 
BY 4—BiIT 
MAIN 


FIFO 
OUTPUT 
STAGE 


REGISTER a3 
15 SHIFT 
eat obs a OUTPUT OUT 
READY REGISTER AMAT HE: 
SHIFT CONTROL poe: OUTPUT 
IN LOGIC READY 


MASTER RESET 
Figure 15. Logic Diagram 67401 FIFO 


® 


VA AAA AAA AAA AAA AAA AAA AAA AAA 


NAA 


+; 


A KAXXAAXXAAXXAAX AAA AAA AAA AAA AAA AAAA AAA AAA AAA 


Figure 16. The Mechanism of Shifting Data Into the FIFO 
@ Input Ready HIGH indicates space is available and a Shift In pulse may be applied. 


@ Input Data is loaded into the first word. 
@® Input Ready goes LOW indicating the first word is full. 


@® The Data from the first word is released for “fall-through” to second word. 

@® The Data from the first word is transferred to the second word. The first word is now empty as indicated by Input Ready HIGH. 
@) If the second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready remains low. 
Note: Shift In pulses applied while Input Ready is LOW will be ignored. 
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‘SHIFT OUT 


OUTPUT READY 


OUTPUT DATA 


Figure 17. The Mechanism of Shifting Data Out of the FIFO 


@ Output Ready HIGH indicates that data is available and a Shift Out pulse may be applied. 


@ Shift Out goes HIGH causing the next step. 
@ Output Ready goes LOW. 


@ Contents of word 62 (B-DATA) is released for “fall-through” to word 63. 
@) Output Ready goes HIGH indicating that new data (B) is now available at the FIFO outputs. 
© If the FIFO has only one word loaded (A-DATA) then Output Ready stays LOW and the A-DATA remains unchanged at the outputs. 


On Cascading Issues 


FIFOs sometimes have insufficient depth or width for a particu- 
lar application. These FIFOs can be cascaded to increase the 
depth and expanded to increase the width of the data word. In 
order to expand the width the shift-ins of all the FIFOs should be 
tied together. Figure 18 shows the technique for implementing a 
64x12 FIFO with 67401/A/B. IR and OR signals from all the 
FIFOs should be tied separately as shown. Also the shift-out 
clocks and the master resets of all the FIFOs should be tied 
together. 


SHIFT OUT 


COMPOSITE 


INPUT COMPOSITE 


READY OUTPUT 
READY 
SHIFT IN 
MASTER RESET 


Figure 18. 64x12 FIFO with 67401/A/B 


FIFOs are expandable in depth and width. However, in forming 
wider words two external gates are required to generate compo- 
site Input and Output Ready flags due to the different fall- 
through times of the FIFOs. 


For a greater depth (increasing the number of words that can be 
stored in the FIFO) the technique is ahown in Figure 19. The 
Output Ready of the first FIFO becames the Shift-In for the 
second FIFO, while the Input Ready of the second FIFO 
becomes the Shift-Out for the first FIFO. Figure 19 shows the 
implementation of a 128x4 FIFO. The handshake which takes 
place between the two FIFOs is shown in Figure 20. After the 
master reset is asserted LOW the input ready of both the FIFOs 
goes HIGH waiting for data to be shifted in. When a word is 
shifted into the first FIFO it ripples to the outputs of the first FIFO, 
which are actually tied to the inputs of the second FIFO. 


Once the data has rippled to the outputs of the first FIFO, it finds 
that Shift-Out was already HIGH (since it is connected to Input 
Ready 2, which was HIGH to indicate the second FIFO’s ability 
to accept another piece of data). Thus, Output Ready 1 goes 
HIGH. 


This instantly causes Shift-in 2 to go HIGH, telling the second 
FIFO to accept the data on its inputs. After a time tiRL, then 
Input-Ready 2 goes LOW. This means Shift-Out 1 also goes 
LOW, telling the first FIFO it can place the next data on its 
outputs. 


FIFOs can be easily cascaded to any desired depth. The 
handshaking and associated timing between the FIFOs are 
handled by the FIFOs themeselves. 
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SHIFT IN 1 


MASTER RESET 


SHIFT OUT 2 
OUTPUT READY 2 


| DATA OUT 


Figure 19. Cascading FIFOs to Form 128x4 FIFO 
with C5/C67401A/1 


OUTPUT READY 1 
SHIFT IN 2 


INPUT READY 2 
SHIFT OUT 1 


Figure 20. Handshake Timing 


Some Design Considerations 


AFIFO is an asynchronous device, hence great care should be 
exercised in designing with FIFOs. VCC should be clean, as 
noise on VCC can cause multiple shift cycles, internally. 
A recommendation is to add an 0.1-uF disk capacitor between 
VCC and GROUND. FIFOs should not be used to drive long 
lead lengths because of sensitivity to reflections. Always Mas- 
ter reset before starting any FIFO operation. Shift-In (SI) and 
Shift-Out (SO) rise and fall times are also important. It is 
recommended to use a Schottky device as a driver, to avoid 
multiple shift-ins. 


Application Examples 
UART to CPU Data Buffer 
A UART is an MOS/LSI device designed to provide the data 


interface between a serial communication link and data pro- 
cessing equipment. When transmitting serial data the UART 


accepts parallel data bytes from the computer's data bus, con- 
verts to serial data, and adds start, parity, and stop bits. The 
receiver section of the UART accepts serial data from a trans- 
mission line, modem, or terminal, validates the data by checking 
proper start, parity and stop bits, and converts the data to 
parallel bytes to be read by the computer on its data bus. In 
effect, the UART is a monolithic serial |/O port for the compu- 
ter. Serial data rates up to 9600 baud are permitted by the 
UART, but much slower rates (110 to 300 baud) are commonly 
used to interface terminals. 110 baud corresponds to 10 bytes 
per second at the data bus. FIFOs can be used between the 
computer's data bus and the UART in both receive and trans- 
mit mode to match the low serial transmission rates to high 
speed bursts that make much more efficient use of the compu- 
ter’s time and memory space. A logic diagram for this interface 
is shown in Figure 21. Four 67401 FIFOs are connected in a 
series/parallel arrangement for both the transmit and the 
receive buffers. This arrangement permits a 128-byte buffer 
capacity for transmit and 128 bytes for receive. The buffers can 
be expanded easily in both width and length to accommodate 
different computers or greater buffer capacity. 
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8-BIT DATA BUS 


OCTAL THREE-STATE 
BUS DRIVER 


STATUS 
INFO 


FULL 
INTERRUPT 


SERIAL 
DATA IN 


04 


1/2 
74LS 


<4 
Q 


TiH-4 TBRL TI5-8 TBRE DR RO1-4 DRR ROS-8] pata OUT 
nt Fi TMS 6011 OR EQUIVALENT UART TO 


UART 


ADDR DECODE 
MEM READ 


SO OR 00-3 SO OR 00-3 
67401 67401 
Q 
1/2 9602 IR_ SI DO-3 IR_ Si DO-3 


EMPTY 
INTERRUPT 


SERIAL 


CLOCK AND CONTROL 


Figure 21. UART Data Buffer Logic for XMIT and RCV Using 67401 FIFOs 


Transmit Buffer Operation 


The interface shown in Figure 21 allows the computer to write 
bursts of up to 128 bytes at the maximum data rate of the 
computer into the 67401 FIFO array. The input ready signals 
are ANDed together and fed back through a status port to the 
computer data bus so that burst data may be written under 
program control as rapidly as the write program will allow. The 
UART reads the outputs of the FIFO array one byte at a time, 
adds start, stop and parity bits and serializes the data to the 
serial output at the desired transmission rate (assumed to be 
much slower than the input burst rate). Assuming that the FIFO 
array is initially empty, the operation proceeds in accordance 
with the timing diagram in Figure 22. When the first parallel 
byte reaches the output of the buffer, the Output Ready lines go 
high. When both OR1 and OR2 have gone high, the NAND gate 
drives the UART’s Transmit Buffer Register Load (TBRL) signal 
low. After the tPHL delay in the UART, the Transmit Buffer 
Register Empty (tBRE) signal goes LOW, causing the UART to 


begin shifting out the serial data. tBRE is inverted and a HIGH 
signal is fed back to the shift out (SO) inputs causing the Output 
Ready lines to go LOW. When all bits have been shifted out of the 
transmit buffer register and tBRE is returned HIGH, SO is driven 
LOW. After the internal FIFO delay tORH the OR lines return 
HIGH if a new byte is available at the output of the FIFO and the 
process repeats until the buffer is emptied. 


Transmit Buffer Empty Logic 


In many applications of the 67401 FIFO it is necessary to 
determine when the transmit buffer is empty or the receive 
buffer is full. The logic required to provide both these signals is 
shown in Figure 21. 


The 67403D from AMD features two status flags: a Half-Full flag 
and an Almost-Full/Empty flag. These status flags can be used to 
signal to the system that the FIFO is approaching an empty state 
or a full state. 
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Receive Operation 


The receive buffer logic is shown in the right hand portion of 
Figure 21 and the timing diagram is shown in Figure 23. The 
UART receives serial data with start, stop, and parity bits, evalu- 
ates parity, and converts the data to parallel bytes to be stored in 
the FIFO at the slow or erratic receive rate. The Data Ready (DR) 
signal of the UART is tied to SI on the two FIFOs and the two IR 
lines are ANDed together to drive the Data Ready Reset (DRR) 
line of the UART. When the FIFO is ready to accept a byte of data 
from the UART, the AND of the two IR signals holds DRR HIGH. 
If the UART has a new byte, it sets DR HIGH, driving SI HIGH to 
enter the new data into the input register of the FIFOs. After the 
tIRL delay, IR goes LOW driving DRR LOW. After the tPHL delay 
inthe UART, DR goes LOW driving SI LOW. If the FIFO is not full, 
IR returns HIGH after tlRH indicating to the UART that the FIFO 


FIFO EMPTY I BYTE REACHES END OF FIFO 


OR1 ¢ OR2 


TBRL 


TBRE 


so 


TRANSMIT TIME 'ORH 


is ready for the next byte. This cycle repeats until the UART has 
no more data or the FIFO buffer is full. 


Within the FIFOs each new data byte propagates to the top of 
the available storage until the computer decides to read the 
stored words at its higher burst rate. The FIFO outputs drive a 
three-state bus driver interface to the computer data bus. 
67403 has a three-state capability. The OR signal is available to 
the computer via the status port which can be sampled period- 
ically by the computer to determine when new data is available. 
The computer program initiates data transfers to the bus at its 
maximum rate by enabling the three-state buffer for each byte 
and checking the status port between each read cycle. 


If the UART fills the FIFO buffer before the computer can get 
around to dumping it, the almost-full flag generates an interrupt. 
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Figure 22. Timing Diagram, Transmit Buffer Operation 
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Figure 23. Timing Diagram, Receive Buffer Operation 
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Figure 24. High-Speed Serial Interface 
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High-Speed Disk Memory Buffer 


A common computer interface requirement is a high-speed 
serial data interface to a disk memory or other high-speed 
device. Data is often formatted into records, tracks or other 
blocks that can be taken together and transmitted as a burst. 
In the case of a high-speed, high-density disk the data transfer 
must be made when the desired data passes by the read head. 
In order for the computer to use this data it must be converted to 


parallel data words the size of the computer’s basic data word 
and then resynchronized at a parallel word rate that is conve- 
nient for the computer. The reverse of this operation is required 
to write serial data from the computer to the disk. The logic block 
diagram (Figure 24) shows a method for accomplishing both 
serial-to-parallel read and parallel-to-serial write using 67417, 
67401 and 67402 FIFOs to buffer 16-bit data words between a 
microcomputer and a high-speed disk. Serial data rates up to 10 
MHz are possible with the components shown in the diagram. 
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In many digital systems, different sections of the system operate 
at different rates and transmit or receive data in various formats. 
A simple example is a microprocessor connected to a slow 
peripheral such as atape reader or aslow main memory. It is more 
efficient to have the microprocessor transmit and receive blocks 
of data at its full speed, but the peripheral must, due to its basic 
nature, transfer data one “piece” at atime, at a slow steady rate. 
AFIFO, used to buffer a block of data, can simplify the hardware 
design, and allow each subsection to handle the data transfer at 
its own characteristic pace. 


11121A 
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Zwie Amitai, Barry Hoberman and Nusra Lodhi 


First-In First-Out (FIFO) memories are devices used to buffer 
between subsystems which have different data rates. Recent 
innovations in FIFO architecture resulted in a still faster FIFO 
semiconductor device — AMD’s 67413 — which operates in fre- 
quencies exceeding 35 MHz. New application areas induced the 
design and development of system-oriented FIFOs: the 54/74S417 
Serializing FIFO which incorporates serial-to-parallel and parallel- 
to-serial conversion on the same chip, and the 4219 FIFO RAM 
Controller, which is used with an array of static RAMs to create 
very deep FIFOs (up to 64K deep) of indefinite width. 
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introduction 


In many digital systems, different sections of the system operate 
at different rates and transmit or receive data in various formats. 
A simple example is a microprocessor connected to a slow 
peripheral such as a tape reader or a slow main memory. It is 
more efficient to have the microprocessor transmit and receive 
blocks of data at its full speed, but the peripheral must, due to its 
basic nature, transfer data one “piece” at atime, at a slow steady 
rate. A FIFO, used to buffer a block of data, can simplify the 
hardware design, and allow each subsection to handle the data 
transfer at its own characteristic pace (see Figure 1). 


First-In First-Out (FIFO) memories are devices used to buffer 
between subsystems which have different data rates. Recent 
innovations in FIFO architecture resulted in a still faster FIFO 
semiconductor device — AMD’s 67413 — which operates in fre- 
quencies exceeding 35 MHz: New application areas induced the 
design and development of system-oriented FIFOs: the 54/74S417 
Serializing FIFO which incorporates serial-to-parallel and parallel- 
to-serial conversion on the same chip, and the 4219 FIFO RAM 
Controller, which is used with an array of static RAMs to create 
very deep FIFOs (up to 64K deep) of indefinite width. 


8-BITS 
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Figure 1. Slow Steady Rate to Fast ‘Blocked Rate’ FIFO 
Applications 


FIFO Architectures Exhibit 
Performance Trade-offs 


AFIFO — First-in First-Out — is a dual port memory, from which 
data can be read only in the same order in which it was written. 
A FIFO has two independent ports: an input port and an output 
port. Each port has a READY output and a SHIFT input, which 
allow the system to access the FIFO. Newer FIFOs have 
additional “status” flags. The 67413 has a HALF-FULL flag and 
an ALMOST-FULL/EMPTY flag. The ALMOST flag indicates to 
the system that an action has to take place to maintain the data 
flow. The HALF-FULL flag is used to determine which action 
must take place: start filling or start emptying the FIFO to main- 
tain continuous data flow (Figure 2). 


“THE STATUS FLAGS ON THE HIGH-SPEED ‘413A FIFO 


INDICATE WHEN THE FIFO Is CLOSE TO BEING FULL 
OR CLOSE TO BEING EMPTY, OR MORE or LESS 
THAN HALF FULL...” 


There are two approaches to FIFO internal architecture. One is 
the “Fall-Through” architecture based on shift-register technology 
such as in AMD’s 57/67401/2. The other approach, the “RAM- 
based” approach, uses a random access memory (RAM) array 
and pointers (i.e., counters) that keep track of the order of the data 
read and written. An extreme case of the latter architecture is a 
FIFO constructed from an array of memory chips and an LSI FIFO 
RAM Controller that consists of the above mentioned counters/ 
pointers and control logic. Each approach has its advantages and 
drawbacks. A successful compromise between these two archi- 
tectural approaches led to the 67413’s unique architecture allow- 
ing super-fast operation with a relatively low fall-through time. 
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Figure 2. 67413 Pin Configuration 
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DATA RSI A RAN-based FIFO consists of a memory array, a write address 
counter, a read address counter, and a status counter/sub- 
tracter. When a word is entered into the FIFO, it is written into the 
location pointed by the write address counter. The counter is 
then incremented to point at a subsequent location. The read 
address counter is used to point at the location of a word which 
is read out of the FIFO. A subtracter can be used to keep track 
of the difference between these two counters and signal when 
the FIFO is full or empty. In order to achieve high speeds, “ring” 
address counters and a comparator are used instead of tradi- 


CONTROL tional binary counters and a subtracter. 


DATA IR SI 


DATA OR SO 


Figure 3. Fall-through, Single-stack, FIFO Architecture 


Anew approach to the design of FIFO significantly enhances their 
maximum operating frequency by blending these two architec- 
tures. This hybrid approach, used in the design of the 57/67413A 
at AMD, is a mix of mostly fall-through or “stack” architecture with 
a small amount of pointer operation i.e., RAM-based technique. 


When a word of data is written into the “Fall-through” FIFO, it SIDE POINTER 
“trickles down” and stacks on top of the residing words. When a 

word is read out, an empty location is created at the bottom and 

all residing words drop down, making the empty location 

"pubble up” 


DATA OR SO 


STATUS 
COUNTER 


pad ee 
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WRITE 
COUNTER 


RANDOM ACCESS 
MEMORY 


Figure 5. 413 Dual-stack, Hybrid Architecture 


The internal architecture of AMD’s 57/67413 FIFO incorporates a 
dual stack and a pointer to double the maximum frequency and 

OUT halve the fall-through time. The 57/67413 has sixty-four words of 
five bits each, arranged in two separate thirty-two word “fall- 
through” stacks, an input port, an output port, and two side 
pointers. The input port and the output port each generates its own 
handshake signals. The input side pointer controls the demulti- 
plexing of incoming data into the two stacks, and the output side 
pointer controls the multiplexing of the outgoing data from the two 
stacks onto the output port. The multiplexer and demultiplexer are 
incorporated in the input and output ports. 


Fiaure 4. RAM-based FIFO Architecture 
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® input Ready HIGH indicates space is available and a Shift-In pulse may be applied. 


@® Input Data is loaded into the first word. The Data from the first word is released for “fall-through” to second word. 


@® Input Ready goes LOW indicating the first word is full. 


© Shift-in going LOW allows Input Ready to sense the status of first word. The first word is now empty as indicated by Input Ready HIGH. 
© If the second word is already full then the data remains at the first word. Since the FIFO is now full Input Ready remains low. 
NOTE: Shift-in pulses applied while Input Ready is LOW will be ignored (See Figure 5). 


Figure 6A. The Mechanism of Shifting Data into the FIFO 


SHIFT OUT 


OUTPUT READY 


OUTPUT DATA 


@ Output Ready HIGH indicates that data is available and a Shift-Out pulse may be applied. 


@ Shift-Out goes HIGH causing the contents of word 62 (B-Data) to be released for fall-through to word 63. 
Output data remains as valid A-Data while Shift-Out is HIGH. 


@ Output Ready goes LOW. 


@® Shift-out goes LOW causing Output Ready to go HIGH and new data (B) to appear at the data outputs. 
© If the FIFO has only one word loaded (A-Data) then Output Ready stays LOW and the output data becomes invalid. 


Figure 6B. The Mechanism of Shifting Data Out of the FIFO 


The above internal scheme is transparent to the user, who is 
required only to conform to the FIFO’s simple, asynchronous 
handshake protocol. Two signals: Input Ready (IR) and Shift Out 
(SO) control the data flow into the FIFO (see Figure 6A). Two 
signals: Output Ready (OR) and Shift Out (SO) control the data 


flow out of the FIFO (see Figure 6B). A Master Reset (MR) signal 
is provided to clear the FIFO. The master reset must be pulsed 
(LOW) after power-up to prepare the FIFO to accept data in the 
first location. 
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Figure 7. High-speed Processor Architecture 


FIFO Interface Allows Subsystems to 
Operate at Independent Rates 


In pipelined architectures, as shown in Figure 7, a number of 
events take place concurrently. Instructions are fetched from the 
memory into a cache, instructions undergo processing in the 
Instruction Decoder, and the output of this unit initiates the 
sequence of executable microinstructions. 
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Figure 8. An Instruction FIFO and an Effective Address FIFO 
in a Basic Instruction Decoder 


The concept of “free-running,” independent subsystems that are 
interfaced via FIFOs can be further carried to the main memory 
section. Here, too, efficient choices of the data bus speed and 
address bus speed do not necessarily match the inherent speed 
of the main memory. Four FIFOs can simplify the interface of the 
main memory to the address and data buses, as shown in 
Figure 9. 
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Figure 9. Four FIFOs Simplify Main Memory Interface 


In order to achieve high throughput, the instructions are queued 
in an instruction FIFO, and the instruction lookahead can 
operate on the instructions independently of the data bus 
operations. A basic function of the instruction decoder is to 
compute and provide an effective address to the address bus 
(Figure 8). Once again, the rate of the address generation must 
fit the rate at which the addresses are needed. An effective 
address FIFO simplifies the design of the system sections, 
enabling each to operate independently, as long as their average 
throughputs are the same. The high speed of the 67413 (35 MHz), 
and its short fall-through time make it a natural candidate for this 
task. A three-state output stage with high drive can directly drive 
a bus and does away with the additional delay caused by buffers. 


Fast FIFOs Capture New Application 
Domains 


The existence of very fast FIFOs brought about new application 
domains such as data acquisition of fast signals. The following 
systems exhibit typical high-speed data acquisition techniques 
using high-speed memory buffers to accommodate data rate 
differences between the signals and the data logging system. 
The system shown in Figure 10 detects and stores the pulse rate 
and frequency of radar signals using a Bragg cell. Both amplitude 
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Figure 10. Radar Frequency and Amplitude Acquisition 


and frequency data arrive at the rate of 50 MHz and are buffered 
by FIFOs. A Bragg cell translates the frequency of the radar 
signal into a deflection of a laser beam, and the amplitude of the 
radar signal into the intensity level of the laser beam. The 
deflected laser beam hits one or two fibers out of a collection of 
fibers of different lengths, that are connected to a photocell. The 
signal arrives at the photocell after a delay determined by the 
length of the fiber. Therefore, the delay relates directly to the 
radar frequency. A counter is used to measure the delay. The 
counter is reset when the laser beam is triggered, and once the 
beam is detected at the photodetector, its contents are written 
into a buffer. This technique is quite general and can be used 
also for pulse rate measurement. The laser beam intensity is 
sampled, converted to a digital format, and written into another 
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buffer. Two FIFOs and a multiplexer are needed for each buffer 
to allows data rates over the FIFO’s 35-MHz maximum operating 
frequency up to 70 MHz. 


Another data acquisition application is a Particle Flight Detector. 
Due to the nature of the observed phenomena, the data coming 
out of a Particle Flight Detector is generally in short bursts. The 
temporal frequency of the data exceeds 30 MHz while the 
average rate of the data stream is much lower, and can be 
handled by a standard bus such as the SYSBUS (32-bit, 10-MHz 
international standard bus for physics instrumentation). The 
block diagram shown in Figure 11 utilizes an array of 35-MHz 
FIFOs to handle the bursts of data and two arrays of static RAMs 
to ensure maximum bus throughput. 
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Figure 11. Particle Flight Detector Interface to a 10 MHz Bus (SYSBUS) 
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Figure 12. A FIFO RAM Controller and Static RAMs Make a Very Deep FIFO of Variable Width 


Very Deep FIFOs implemented by an 
LSI Controller and a Static RAM Array 


The search for system-oriented LSI solutions for very deep 
buffers, such as those needed for communication networks, 
resulted in the development of the FIFO RAM Controller which 
can make a static RAM array look like a FIFO (see Figure 12). 
The 54/74S4219 FIFO RAM Controller integrates all address 
generation and status detection needed to control the static 
RAMs, giving the system designer two simple “handshake” 


4219 
CLOCK ® 
® 
WRDY ® 
WREQ 
@ 

WREGCK ® 
ADDRESS 


signal sets for input (write) and output (read) operations. A read 
counter and a write counter provide the read and write 
addresses, while an up-down counter keeps track of the dif- 
ference between these two counters.. The status flags include 
the FULL, EMPTY, ALMOST-FULL/EMPTY, and the HALF-FULL 
flags, and are generated according to the buffer length selected. 
The buffer length can vary from 512 to 64K words, and the 
maximum data rate at each port exceeds 15 MHz. Arbitration 
between read and write requests is done in the controller 
according to priority rules pin-selected by the user. 


VALID ® 


oe 


@ WRDY is HIGH; new Write requests may be made. 


@ A Write request is made (WREQ pulled LOW) asynchronously of the '4219 clock. 
) The request is synchronized, WRDY goes LOW to indicate that no Write request should be made. WREGCK goes LOW. 
« WREGCK goes HIGH clocking the data into the Write Data Register. 


() A Write cycle takes place over two '4219 clock cycles. 


Figure 13. ‘4219 Write FIFO Operation 
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Figure 14. ’67417 Serializing FIFO Architecture 


The '4219 was designed to isolate the static RAM array from the 
rest of the system so that the handshake protocol will be similar 
to the protocol required by most FIFOs. The '4219 generates all 
the control signals for the static RAMs, and the subsystems on 
either side monitor two outputs of the '4219 (the Register clock 
and the Ready) and supply only one control signal (Request). 
The protocol of the write (input) FIFO transaction is shown in 
Figure 13. The data must be available at the write data register no 
later than one ‘4219 clock cycle after the write request has been 
asserted. The data may be terminated after WREGCK has gone 
HIGH clocking the data into the register. The read (output) FIFO 
transaction protocol is similar. The data is available at the read 
data register outputs once RREGCK is HIGH. The priority 
controls and the request enables give the system designer more 
flexibility in his system design, and allow one subsystem to take 
either complete control of the FIFO operation, or just priority in 
case of simultaneous write and read requests. 


System Oriented FIFOs Incorporate 
Serializing/ Deserializing Functions 


The 67417 is a serializing FIFO intended as a one-chip solution 
for data buffering and serializing/deserializing operations. It can 
be successfully used for interfacing parallel-format computing 
equipment to serial-format data communications and mass 
memory equipment. The device’s architecture (see Figure 14) 
includes one parallel port for both input and output of parallel- 
format data, and two serial ports: one for input and one for 
output. Data flow can be parallel-to-serial, serial-to-parallel, and 
serial-to-serial. Each port has its own Request-Ready signal pair 
and is accessed using a simple handshake protocol similar to 
the one used for most FIFOs. 


Most applications of the 67417 conform to the block diagram 
shown in Figure 15. The ability to change the FIFO’s direction 
may be used to reduce chip count in systems that always empty 
the FIFO contents before changing the direction of the data 
transfer. Other applications may use two FIFOs back-to-back to 
create a FIFO transceiver with serializing/deserializing capability. 


The word length of the parallel format can be eight or nine bits 
(selected by the WL pin), and can be changed when the FIFO is 
partially full. This feature allows the FIFO to be loaded with 8-bit 
words and unloaded as a 9-bit FIFO with zeros in the 9th bit 
locations. 
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Figure 15. 67417 Serializing FIFO Interfacing a CPU 
and a Serial Data Communication Link 


With the availability of high-speed FIFOs with “system-oriented” 
features, such as high drive and status flags, system designers 
can have a more compact and flexible system architecture. New 
application areas appear for the new FIFOs using their higher 
speeds and special features. 
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Abstract 


The First-In, First-Out Memory (FIFO) allows the system 
designer to buffer two streams of data which are running at 
different rates, even asynchronously. This application note 
pertains to cascadable FIFOs, which can operate as a 
single-component data buffer, or can be cascaded to form 


deeper, multi-component, customized buffers. Ensuring that 
these devices can cascade over a large frequency range, and 
with asynchronous data streams, requires certain timing 
criteria to be satisfied. These criteria are the focus of this 
application note. 
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Operation Overview 


Small FIFOs are controlled by two signals, Shift In (SI) and 
Shift Out (SO). There are two status signals generated by the 
FIFO: Input Ready (IR) and Output Ready (OR). A typical small 
FIFO pinout is shown in Figure 1. 
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Figure 1. Typical Small-FIFO Pinout 


Data is shifted into the FIFO as follows: 
1. Sland IR both being HIGH initiates the shift in. 


2. The FIFO internally detects a valid shift in by ANDing the 
SI and IR signals. 


3. Data is latched by the FIFO when this valid shift is 
detected. 


4. The FIFO acknowledges the valid shift by bringing IR 
LOW. 


5. The Sl line is brought LOW to complete the shift in 
operation, and to reset the valid shift detect. 


6. IRreturns HIGH if there is room for new data. 


Data is shifted out of the FIFO as follows: 
1. SO and OR both being HIGH initiates the shift out. 


2. The FIFO internally detects a valid shift out by ANDing the 
SO and OR signals. 


FIFOA 


FIFO B 


CASCADE 
INTERFACES 
<= UPSTREAM 


3. The FIFO acknowledges the valid shift out by bringing OR 
LOW. 


4. The SO line is brought LOW to complete the shift out 
operation. 


5. If the FIFO is not empty, OR will return HIGH following SO 
going LOW. Whenever OR is HIGH, a valid data word is 
present at the outputs. 


The shift in operation is independent of the shift out operation, 
allowing data to be shifted in at a different rate than it is shifted 
out. The FIFO indicates that it is full by holding IR LOW after a 
shift in, and that it is empty by holding OR LOW after a shift out. 


Cascading 


If a deeper buffer size is required, two or more FIFOs may be 
cascaded, as shown in Figure 2. 


The operation of this buffer is identical to that of the single 
FIFO buffer. The user controls the shifting of data into the most 
upstream part, and the shifting of data out of the most 
downstream part. This composite buffer has the same hand- 
shake (SI, IR, SO, and OR) and data (D0..D4, O0..04) lines as 
a single FIFO. 


The user has control over the data as it enters and leaves the 
buffer. The passage of data through the “middle” of the buffer 
is beyond user control. This data must be capable of being 
correctly transferred between any of the “middle” devices at a 
rate greater than or equal to the overall buffer throughput rate. 


The point of data transfer between two FIFOs is called the 
cascade interface. There are numerous timing criteria which 
must be satisfied by the FIFOs on each side of this interface in 
order to ensure a flawless transfer of data. This is true even for 
two-FIFO buffers, in which the“middle” of the buffer consists of 
a single cascade interface. Such criteria must be satisfied at 
all frequencies within the operating range, and for asynch- 
ronous data streams. The following cases illustrate the various 
timing conditions that may be encountered whenever two or 
more FIFOs are cascaded. 
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Figure 2. A Cascaded Buffer 


2-298 


Cascadability Issues in Advanced Micro Devices' Shallow FIFOs 


Case 1: Low-Frequency Falithrough 
Monolithic Memories' shallow FIFOs are falithrough devices, 
that is, the first word shifted into an empty part automatically 
“falls through” the buffer and it becomes visible at the outputs. 
Its presence is indicated by the rising edge of OR. The following 
sequence describes this fallthrough action as a word is shifted 
into FIFO A (see Figure 2): 

1. IR of FIFO Ais HIGH because the device is empty. 


2. The user brings SI HIGH, latching the data word and 
commencing a shift in. 


3. Sl is then brought LOW to release the word for fallthrough. 


4. OR of FIFO A will go HIGH within the “fallthrough time” 
(tPT). OR going HIGH signals a valid word at the outputs. 


5. IRof FIFOB is HIGH because it, too, is empty. 


6. Because OR of A is tied to SI of B, a valid shift in is begun 
into FIFO B on the rising edge of OR. 


7. Because IR of B is tied to SO of A, a valid shift out is begun 
(SO*OR = 1) out of A. 

8. Data is simultaneously shifted out of A, and into device B. 
The transfer is thus begun. 


9. Because a valid shift out is detected in A, OR goes LOW 
to acknowledge it. This becomes a falling edge on SI for B. 


10. The transfer is now complete. The word falls through B, 
then through FIFO C, and so on, until it reaches the 
outputs of the bottom FIFO. 


The timing diagram for low-frequency fallthrough is shown in 
Figure 3. 
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Figure 3. Low-Frequency Fallthrough 


The term “low frequency” means that the time between arrival 
of words is long relative to the time required for a data transfer. 
There is a basic set of timing requirements that must-be 
satisfied in all fallthrough cases, plus an additional one for 
high-frequency operation. The basic set will now be discussed. 


Consider a cascade interface between FIFOs X and Y of Figure 
2. The OR of X goes HIGH, then is quickly reset once a valid 
shift out is detected. The duration of this OR pulse, termed 
tOPH, must be long enough to be used by the SI of the 
downstream FIFO (Y). Specifically, 


tOPH > tSIH(required) [1]. 
This requirement is shown as a function of temperature in 
Figure 4. 


REQUIRED 
NUMBER | ( ) ae 


TEMPERATURE — C -TIME — nsec 


Figure 4. topH VS. tsjH at a Particular Vcc 


The tOPH requirement is derived from histograms generated 
during the characterization of abroad sample of cascadable parts. 
The parts are tested individually at a variety of voltage and 
temperature conditions. AMD specifies its cascadable FIFOs with 
a reliable margin between the tOPH and tSIH histograms under 
each condition. 


A short logic 1 pulse on SI will produce a short logic 0 pulse 
(tIPL) on IR. tlPL must be long enough to be recognized as a 
legitimate SO low pulse by the upstream part X. Thus, 


tiPL > tSOL(req) [2]. 


There is a direct relationship between tSIH andtIPL. The require- 
ments ontIPL from [2] are used to dictate the requirement ontSIH. 
The parameter tIPL is used only for characterization and internal 
testing and does not appear in AMD sheets. 


Next, there is the need for SO and OR to be simultaneously at 
a logic 1 long enough for the FIFO to detect a valid shift out. 
This time requirement, which is not found in the datasheets is 
termed tSOHR(req), “time for SO to remain high after OR goes 
high.” If IR, which drives SO, goes LOW too soon after a valid 
shift in is detected in Y, the tSOHR requirement in X may be 
violated. If so, no shift out will take place. Therefore, 


tiRL > tSOHR(req) [3]. 


The parameter tSOHR is characterized and tested. It is 
normally small relative to tSOH. 


The last requirement for Case 1 pertains to data set-up. When 
in the fallthrough mode, input data is taken as valid on the 
rising edge of SI. The set-up time for this data (tIDS) must be 
met. Note, however, that meeting this set-up time is the 
responsibility of the upstream part (X). When X brings its OR 
pin HIGH, it indicates that new data is present. The time from 
OR HIGH to new data valid is termed tORD. Because this rising 
edge commences a shift in for the downstream part, the 
following relationship must hold: 


-LORD > tIDS(req) [4]. 


In all AMD cascadable FIFOs, tIDS max is specified at zero, while 
tORD max in never specified greater than zero. By this conven- 
tion, [4] is always satisfied. The validity of inequality [4], and others 
documented in this application note, are ensured via the method 
of separation of parametric distributions, as illustrated in Figure 4. 
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Case 2: Low-Frequency Bubbleback 


The term “bubbleback” is a hangover from the register-based 
FIFOs. Bubbleback occurs when one or more devices in the 
composite buffer are full, and a word is clocked out of the most 
downstream one. A vacancy is created in this bottom FIFO, 
and is soon filled by the first FIFO upstream from it. The 
vacancy then “bubbles back” all the way to the most upstream 
FIFO. In the process, a data transfer is required each time the 
vacancy crosses a cascade interface, as was the case for 
fallthrough. 


The following sequence describes this bubbleback action: 
1. The user shifts data out of the most downstream FIFO. 
2. Since this FIFO is no longer full, its IR pin goes HIGH. 


3. The first FIFO upstream from it held its OR HIGH, because 
it was not empty. 

4. The IR of the end FIFO is tied to SO of the FIFO above it. 
The rising edge on IR commences a shift out of the 
upstream FIFO. 


5. Simultaneous shift cycles occur in both FIFOs. IR of the 
end FIFO goes LOW to acknowledge the valid shift in. 


6. IR going LOW in the end FIFO resets the valid shift out of 
the upstream device. Since this upstream part is not 
empty, its OR pin returns HIGH. 


7. Because this upstream part now contains a vacancy, it 
commences a shift out of the next higher part. This 
process continues until the vacancy reaches the most 
upstream device. 


The timing diagram for the cascade interface is shown below. 
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Figure 5. Low-Frequency Bubbleback 


In bubbleback it is IR going HIGH which initiates the transfer of 
data. IR goes HIGH, then is quickly reset once a valid shift in is 
detected. This is analogous to the fallthrough case in which OR 
is pulsed HIGH. The first three bubbleback inequalities, then, 
are merely I/O duals of [1] through [3]: 


tIPH > tSOH(req) [5], 

tOPL > tSIL(req) [6], 

tORL > tSIHR(req) [7]. 
There is no data set-up requirement for low-frequency 
bubbleback since the next data word is present and waiting 
long before a vacancy arrives for it. This data must, however, 


satisfy a hold time requirement, as measured from the start of 
the valid shift in. 


As seen in Figure 5, SO is brought LOW in the middle of the 
data transfer. Bringing SO LOW clears the upstream FIFO, 
causing its read pointer to advance. A new data word then 
begins its way toward the outputs. The current word being 
transferred eventually becomes “old” data, to be replaced by 
the next word. The time that the “old” data is held after SO goes 
LOW is called tODH. 


The bubbleback hold time requirement (see Figure 5) can be 
expressed as: 


tiPH + tODH > tRIDH(req) [8a]. 
The parameter tRIDH is the data hold time, relative to IR going 
HIGH. It is measured relative to IR because, in the bubbleback 
case, IR initiates the shifting-in of data. 


Testing of [8a] is required to ensure cascadability in all 
outgoing parts. However, inequality [8a] mixes parameters 
from both the upstream (tODH) and the downstream (tIPH, 
tRIDH) parts. It is therefore necessary to rewrite [8a] so that it 
can be examined on individual parts: 


[tIPH - tRIDH(req)] > -tODH [8b]. 
The quantity on the left hand side of the equation becomes a 
new characterization parameter, called t1. If there is a 
sufficient margin between the test histograms of ti and tODH 
(as was the case for tOPH versus tSIH), then criterion [8a] will 
certainly be satisfied. 


Case 3: Higher-Frequency Falithrough 


In Case 3, the frequency of operation becomes high enough 
such that the data transfer time is no longer negligible when 
compared to the time between arrivals of any two words. Still, 
the frequency is low enough such that the operation is clearly 
fallthrough, i.e., OR going HIGH initiates the transfer of data 
into a downstream part that is clearly waiting for new data. 


The timing diagram for this case is shown in Figure 6. 


SO(IR) 
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Figure 6. Higher-Frequency Fallthrough 


Inequalities [1] through [4] from Case 1 still hold. One more 
must be added to account for the second rising edge of OR, 
which now occurs soon after the data transfer. 


The falling edge on IR, which occurs after a valid shift in is 
detected, is seen by the upstream part as a falling edge on SO. 
This implies a read pointer advance, which could bring new 
data to the outputs. In the low-frequency case there was no 
new data to bring, so the current word remained valid for quite 
some time. At higher frequency, there is a new word to bring to 
the outputs, which reduces the time that the current data is 
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valid. There is the risk of a data hold time violation unless the 
following relationship is met: 


tIRL + tODH > tIDH(req) [9]. 
The parameter tipH is the data hold time relative to SI going 
HIGH. 


As the frequency of operation gets continually higher, the 
second rising edge of OR falls closer to that of IR. The limiting 
cycle time for true fallthrough, as depicted here, is tiIRL + 
tORH, although this cycle time may not be obtainable due to 
limitations described in the section on natural frequency. 


Case 4: Higher-Frequency 
Bubbleback 


In Case 4 the time between creations of vacancies approaches 
the time required for data transfer. However, the frequency is 
assumed low enough such that the operation is clearly 
bubbleback, i.e., the rising edge of IR initiates a shift out of an 
upstream part which is clearly waiting with valid data. 


The timing diagram for this case is seen below. 
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Figure 7. Higher-Frequency Bubbleback 


Inequalities [5] through [8] from Case 2 are still pertinent. One 
more must be added to account for the rising edge of IR, which 
reappears soon after the data transfer. 


As vacancies bubble back at ever increasing rates, there is the 
risk of violating the data set-up requirement as measured from 
the edge of IR. Specifically, the following relationship must hold: 
tCYCLE - tIPH - tODH > tRIDS(req) [10]. 
The parameter tRIDS is the set-up time relative to IR going HIGH, 
Inequality [10] tells us that if tCYCLE gets too short, there may be 
a data set-up violation. As seen in Figure 7, so long as we remain 
in bubbleback mode, with IR coming high after SI, we will have 
tlIPH + tODH + |tORD| <tCYCLE, implying tCYCLE-tIPH-tODH > 
|tORD|. However, AMD designs its cascadable devices such that 
tRIDS(req) < 0, and tORD < 0, thereby ensuring that there is no 
set-up violation. 


As the frequency of operation gets continually higher, the 
second rising edge of IR falls closer to that of OR. The limiting 
cycle time for true bubbleback, as defined here, is tORL + tIRH, 
although this cycle time may not be obtainable, as discussed in 
the next section. 


Case 5: Natural Frequency 


As mentioned previously, the user has no control over the 
handshake operations at the cascade interfaces. If the user 
shifts words into a relatively empty buffer at low frequency, the 
cascade interfaces will operate in the fallthrough mode (Case 
1). If the user shifts words out of a relatively full buffer at low 
frequency, then the interfaces will be forced to operate in 
bubbleback mode (Case 2). For continuous operation at 
moderately high rates, the interface timing will begin to 
resemble one of the next two (3 and 4) cases. 


As the frequency is increased further, the interface timing may 
no longer be clearly bubbleback or clearly fallthrough. This is 
what occurs as the throughput rate approaches the natural . 
frequency of the cascade interface. This natural frequency is 
the maximum frequency at which the handshake signals can 
negotiate part-to-part data transfers. Consider Figure 8. 
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Figure 8. Zero-Phase Incidence 


Figure 8 illustrates a perfectly legitimate handshake operation. 
There is clearly a shift in (SI*IR=1) and a shift out (GO*OR=1), 
implying a transfer of data. However, none of the previous 
cases directly apply since it is neither a fallthrough nor a 
bubbleback case. 


In the fallthrough mode SO was clearly high before OR, while IR 
went high clearly before SI. Thus, SO had positive phase 
relative to OR, while SI had negative phase. Likewise, the 
bubbleback mode has negative phase for SO and positive 
phase for SI. The relative phases of the SI and SO signals 
have important implications for the cascading parameters at 
high frequencies. As explained later, the natural frequency of 
cascading must be guaranteed higher than the maximum 
throughput rate applied to the cascaded FIFO system. 
Predicting and measuring the natural frequency poses some 
difficulties, as explained below. 


The fallthrough parameters tiRL, tOPH, tIDS, etc., are all 
characterized at positive SO, negative SI phase, whereas the 
bubbleback parameters tORL, tlIPH, tRIDH, etc., are all 
characterized at positive SI, negative SO phase. When the 
relative phases approach zero from either side (Figure 8), the 
meaning of these parameters becomes ambiguous. Take for 
example the parameter “time from valid shift in (SI*IR=1) to IR 
going low.” For positive phases this quantity approaches the 
tiIPH asymptote, while for negative phases it approaches the 
tlIRL asymptote. When the phase is near zero, this quantity lies 
somewhere in between, as shown in Figure 9. 


As indicated on the graph, a new name is required for this 
pseudo-parameter. It will be known here as tVSIRL, or “time 
from valid shift in to IR low.” Similar graphs can be generated for 
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the pseudo-parameter called tVSORL, as well as for t(R)IDS 
and t(R)IDH. This sort of graphical information is useful when 
analyzing operating characteristics at or near the natural 
frequency. At this point there are two approaches one can take 
to predicting the natural frequency: 


1) Take an iterative approach to determine the minimum 
working values of phase (), tVSIRL(o), tVSORL(6), t 
(R)IDS(o), etc., using two figures, 10 and 11. 


‘VSIRL/nsec 


+ 
@{Sl, IR] / nsec 


Figure 9. tyojp, as a Function of Phase 
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Figure 10. Positive SO/OR Phase at Natural Frequency 
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Figure 11. Positive SIR Phase at Natural Frequency 


One needs to determine which of the two cases (Figures 10, 
11) has a lower maximum frequency. In equation form: 


TArax = MAx{ty sig (O)+togi» tyson. (P)+tiay} [11] 


2) Approach (1) provides the exact value of the natural 
frequency, but only after a considerable amount of 
iteration. There exists a simpler approach to the problem, 
based upon the results of Cases 3 and 4. This approach 
yields a conservative estimate of the natural frequency, 
such that if the composite buffer is operated at or below 
this frequency, cascadability can be guaranteed. 


Figure 6 depicts fallthrough operation based on the assumption 
that tIRL + tORH is clearly greater than tOPH + tIRH. If this is 
not the case, then the second rising edge of OR could possibly 
occur before the second rising edge of IR. Then, the parameter 
tOPH is no longer valid, and should be replaced by the more 
applicable tORL. However, tORL pertains to cases where SO 
arrives substantially after OR. If the rising edges of IR and OR 
are close to one another, then the applicable value may lie 
somewhere inbetween tORL and tOPH. To be safe, merely take 
the greater of these two values. 


The same reasoning applies for the breakdown of the 
fundamental assumption of Case 4. The following is a simple 
worst-case expression for fMAX at each operating condition: 


1/fMAX(we) = Max{tVSIRL(max)+tORH:tVSORL(max)+tiRH} 
[12a], 


where: 
tVSIRL(max)=Max{tiRL.tiPH} [12b], 
tVSORL(max)=Max{tORL:tOPH} [12c]. 


Note that using the results of Cases 3 and 4 produced equation 
[12] which bears great resemblance to the more accurate 
expression in [11]. One strategy for dealing with cascadability 
is to design a FIFO with “flat” tVSIRL, tVSORL, t(R)IDS, etc., 
characteristics. This eliminates the dependence on signal 
phase, and fMAX can be expressed exactly as: 


1/fMAX = Max{tiRL+tORH-tORL+tiRH} [13]. 


Such a strategy provides a more reliable cascade interface, 
and is.well worth the price of a lower fMAX. 


It should be noted that the natural frequency at each operating 
condition (VCC, temperature) is unique, and is the limiting 
frequency regardless of how it is approached, whether by 
fallthrough or by bubbleback. Consider the following figure. 
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Figure 12. Approach of fax from Fallthrough 


Let us say that the natural frequency of the cascade interface 
between A and B is 10 MHz. Data is shifted at low frequency 
into A, and falls through to B, until B is one-half full. The 
two-device buffer is then operated for a while with the input, 
output, and interface working at 5 MHz. 


Then, the input and output frequencies are raised to, say, 15 
MHz. Immediately thereafter, the composite buffer will con- 
tinue to function, since the input and output circuitry of a FIFO 
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can usually operate at frequencies above the natural fre- 
quency. The cascade interface, however, will be limited to a 
rate of 10 MHz. Eventually, the bottom part will empty, and the 
top part will fill. A cascade limited bottleneck occurs, limiting 
the overall throughput rate to 10 MHz. Data words from the 15 
MHz input stream will be intermittently read at a 10 MHz rate, 
causing a loss of data. 


At some point in time between the frequency increase and the 
bottlenecking, there will be five or so words in the top part, and 
twenty-seven or so (half of 64, minus 5) words in the bottom 
part. The FIFOs will no longer be in fallthrough mode, since 
there is more than one word in the upstream part, and more 
than one vacancy in the downstream part. The natural 
frequency mode will have been entered, and the interface will 
carry data as fast as possible. 


A similar example can be drawn for these FIFOs, with the 
composite buffer initially three-fourths filled. Eventually, the 
top part will fill and the bottom part will empty. At some point in 
between, the FIFOs will no longer be in bubbleback mode, but 
in the natural frequency mode, because there will exist more 


than one vacancy in the downstream part and more than one 
word in the upstream part. The overall steady state throughput 
rate will again be limited to 10 MHz. 


In each of the above cases, the composite buffer went from 
either fallthrough or bubbleback mode to the natural frequency 
mode (where both parts were neither full nor empty), then on to 
an interface limited natural frequency mode, subject to 
throughput-related errors. 


Regardless from which direction the natural frequency was 
approached, this frequency must be unique since it represents 
the case where the upstream part contains more than one word 
and where the downstream part contains more than one 
vacancy. When this happens the interface has no dependence 
on what is happening at the system input and output ports and 
shifts data across it at the maximum possible rate. 


The maximum operating frequency of a cascaded FIFO must 
therefore be specified lower than the worst-case natural 
frequency in order to avoid asynchronously induced 
bottleneck errors. 
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8,192 x 8-Bit CMOS EPROM Devices 
DISTINCTIVE CHARACTERISTICS 
® Fast access time — 55 ns @ JEDEC-approved pinout 
@ Low power consumption: @ +10% power supply tolerance available 
- 100 pA maximum standby current @ One-Time Programmable (OTP) Flashrite ™ program- 
@ Programming voltage: 12.5 V ming 
@ Single +5-V power supply @ Latch-up protected to 100 mA from -1 V to Voc +1 V 


GENERAL DESCRIPTION 


The Am27C64 is a 64K-bit, ultraviolet erasable programma- 
ble read-only memory. It is organized as 8,192 words by 8 
bits per word, operates from a single +5-V supply, has a 
static standby mode, and features fast single address 
location programming. Products are available in windowed 
ceramic DIP and LCC packages, as well as plastic one-time 
programmable (OTP) packages. 


Typically, any byte can be accessed in less than 55 ns, 
allowing operation with high-performance microprocessors 
without any WAIT states. The Am27C64 offers separate 
Output Enable (OE) and Chip Enable (CE) controls, thus 


eliminating bus contention in a multiple bus microprocessor 
system. 


AMD's CMOS process technology provides ons speed, 
low power, and high noise immunity. Typical power con- 
sumption is only 100 mW in active mode, and 250 pW in 
standby mode. 


All signals are TTL levels, including programming signals. 
Bit locations may be programmed singly, in blocks, or at 
random. The Am27C64 supports AMD's interactive pro- 
gramming algorithm (1-ms pulses) resulting in typical pro- 
gramming times of less than two minutes. 


BLOCK DIAGRAM 


O——— Voc 


OUTPUT BUFFERS 
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PRODUCT SELECTOR GUIDE 


Family Part No. 


Ordering Part No: 
+5% Voc Tolerance 
+10% Voc Tolerance 


CE rs Access (ns) 
OE (G) Access (ns) 


Flashrite is a trademark of Advanced Micro Devices Inc. 


Issue Date: January ee 
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CONNECTION DIAGRAMS 


Top View 
DIP LCC* 
e¢ie2 3868 ¢ 
aBuBaeB nS uO x 
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A 27t ft A 
As 26[{ ne 
A, OE (G) 
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Ao CE (E) 
NC 22K 00, 
Da, a(t 00, 
s = 
Be eee: 
3 
CD011790 CD011800 


Notes: 1. JEDEC nomenclature is in parentheses. 
2. Don't use (DU) for PLCC. 


* Also available in 32-pin rectangular plastic leaded 
chip carrier. 


LOGIC SYMBOL 


Ag - A412 
CE (E) 
DQpo - DQ7 
OE (G) 
PGM (P) 
Vcc 

Vpp 

GND 

NC 

DU 


LS003350 


PIN DESCRIPTION 


= Address Inputs 

= Chip Enable Input 

= Data Inputs/Outputs 

= Output Enable Input 

= Program Enable Input 
= Vcc Supply Voltage 

= Program Supply Voltage 
= Ground 

= No Internal Connection 
= No External Connection 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

b. Speed Option 

c. Package Type 

d. Temperature Range 

e. Optional Processing 
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S) dD aes B 
cee OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 
d. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 
| = Industrial (-40 to +85°C) 
E = Extended Commercial (-55 to + 125°C) 
c. PACKAGE TYPE 
D = 28-Pin Ceramic DIP (CDV028) 
L = 32-Pin Rectangular Ceramic Leadiess Chip 
Carrier (CLV032) 
b. SPEED OPTION 


See Product Selector Guide and Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27C64 
8K x 8-Bit CMOS UV EPROM 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released valid combinations, 
and to obtain additional data on AMD's standard military 
grade products. 


00, 008, LC, LOB 


DC, DCB, Di, DIB, 
LC, LCB, LI, LIB 


DC, DCB, Di, DIB, 
DE, DEB, LC, LCB, 
LI, LIB, LE, LEB 
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ORDERING INFORMATION (Cont'd.) 
OTP Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

b. Speed Option 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM27C64 —120 P Cc 


aes OPTIONAL PROCESSING 
Blank = Standard processing 

d. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 


c. PACKAGE TYPE 
P = 28-Pin Plastic DIP (PD 028) 
J = 32-Pin Rectangular Plastic Leaded Chip Carrier 
(PL 032) 


b. SPEED OPTION 
See Product Selector Guide and Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27C64 
8K x 8-Bit CMOS OTP EPROM 


Valid Combinations Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 


AM27C64-150 sales office to confirm availability of specific valid 
AM27C64-155 combinations, to check on newly released valid combinations, 


JC, PC and to obtain additional data on AMD's standard military 


AM27C64-205 grade products. 
AM27C64-250 
AM27C64-255 
AM27C64-300 
AM27C64-305 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) 
is formed by a combination of: a. Device Number 
b. Speed Option 
c. Device Class 
d. Package Type 
e. Lead Finish 


AM27C64 -—90 JB X 


A 
oe LEAD FINISH 


A= Hot Solder Dip 


d. PACKAGE TYPE 
X = 28-Pin Ceramic DIP (CDV028) 
U = 32-Pin Rectangular Ceramic Leadiess Chip 
Carrier (CLV032) 


c. DEVICE CLASS 
/B =Class B 


b. SPEED OPTION 
See Product Selector Guide and Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27C64 
8K x 8-Bit CMOS UV EPROM 


Valid Combinations Valid Combinations 


AM27C64-90 Valid Combinations list configurations planned to be 
AM27C64-120 supported in volume for this device. Consult the local AMD 
AM27C64-150 ova. fein sales office to confirm availability of specific valid 
AM27C64-200 : combinations, or to check for newly released valid 


AM27C64-250 combinations. 
AM27C64-300 


Group A Tests 


Group A tests consist of Subgroups 
1; 2. 3, 7.6. 9.10. Fi. 
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FUNCTIONAL DESCRIPTION 
Erasing the Am27C64 


In order to clear all locations of their programmed contents, it 
is necessary to expose the Am27C64 to an ultraviolet light 
source. A dosage of 15 W seconds/cm* is required to 
completely erase an Am27C64. This dosage can be obtained 
by exposure to an ultraviolet lamp — wavelength of 2537 
Angstroms (A) — with intensity of 12,000 uW/cm* for 15 to 
20 minutes. The Am27C64 should be directly under and about 
one inch from the source and all filters should be removed 
from the UV light source prior to erasure. 


It is important to note that the Am27C64, and similar devices, 
will erase with light sources having wavelengths shorter than 
4000 A. Although erasure times will be much longer than with 
UV sources at 25374, nevertheless the exposure to fluores- 
cent light and sunlight will eventually erase the Am27C64 and 
exposure to them should be prevented to realize maximum 
system reliability. If used in such an environment, the package 
window should be covered by an opaque label or substance. 


Programming the Am27C64 


Upon delivery, or after each erasure, the Am27C64 has all 
65,336 bits in the ''ONE"', or HIGH state. ''ZEROs"' are loaded 
into the Am27C64 through the procedure of programming. 


The programming mode is entered when 12.5 +0.5 V is 
applied to the Vpp pin, CE is at Vi, and PGM is at Vj,. 


For programming, the data to be programmed is applied 8 bits 
in parallel to the data output pins. 


The flowchart in Figure 1 shows AMD's interactive algorithm. 
Interactive algorithm reduces programming time by using short 
programming pulses and giving each address only as many 
pulses as is necessary in order to reliably program the data. 
After each pulse is applied to a given address, the data in that 
address is verified. If the data does not verify, additional 
pulses are given until it verifies or the maximum is reached. 
This process is repeated while sequencing through each 
address of the Am27C64. This part of the algorithm is done at 
Vcc = 6.0 V to assure that each EPROM bit is programmed to 
a sufficiently high threshold voltage. After the interactive 
programming is completed, an overprogram pulse is given to 
each memory location; this ensures that all bits have sufficient 
margin. After the final address is completed, the entire 
EPROM memory is verified at Vcc =5 V + 5%. 


Flashrite 


The OTP EPROM Flashrite programming algorithm (shown in 
Figure 2) reduces programming time by using initial 100 ys 
pulses followed by a byte verification to determine whether the 
byte has been successfully programmed. If the data does not 
verify, an additional pulse is applied for a maximum of 25 
pulses. This process is repeated while sequencing through 
each address of the OTP EPROM. 


The Flashrite programming algorithm programs and verifies at 
Voc = 6.25 V and Vpp = 12.75 V. After the final address is 
completed, all bytes are compared to the original data with 
Voc = Vpp = 5.25 V. 


Program Inhibit 


Programming of multiple Am27C64s in parallel with different 
data is also easily accomplished. Except for CE, all like inputs 
of the parallel Am27C64 may be common. A TTL low-level 
program pulse applied to an Am27C64 PGM input with 
Vpp = 12.5 + 0.5 V and CE LOW will program that Am27C64. 
A high-level CE input inhibits the other Am27C64s from being 
programmed. 


Program Verify 


A verify should be performed on the programmed bits to 
determine that they. were correctly programmed. The verify 
should be performed with OE and CE at Vi_, PGM at Viy, and 
Vpp between 12.0 V to 13.0 V. 


Auto Select Mode 


The auto select mode allows the reading out of a binary code 
from an EPROM that will identify its manufacturer and type. 
This mode is intended for use by programming equipment for 
the purpose of automatically matching the device to be 
programmed with its corresponding programming algorithm. 
This mode is functional in the 25°C + 5°C ambient tempera- 
ture range that is required when programming the Am27C64. 


To activate this mode, the programming equipment must force 
12.0 + 0.5 V on address line Ag of the Am27C64. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address line Ag from Vj, to Vip. All other 
address lines must be held at Vj, during auto select mode. 


Byte 0 (Ag = Vi.) represents the manufacturer code, and byte 
1 (Ag = Vip), the device identifier code. For the Am27C64, 
these two identifier bytes are given in the Mode Select table . 
All identifiers for manufacturer and device codes will possess 
odd parity, with the MSB (DQ7) defined as the parity bit. 


Read Mode 


The Am27C64 has two control functions, both of which must 
be logically satisfied in order to obtain data at the outputs. 
Chip Enable (CE) is the power control and should be used for 
device selection. Output Enable (OE) is the output control and 
should be used to gate data to the output pins, independent of 
device selection. Assuming that addresses are stable, address 
access time (tacc) is equal to the delay from CE to output 
(toe). Data is available at the outputs tog after the falling edge 
of OE, assuming that CE has been LOW and addresses have 
been stable for at least tacc - toe. 


Standby Mode 


The Am27C64 has a CMOS standby mode which reduces the 
maximum Voc current to 100 wA. It is placed in CMOS- 
standby when CE is at Vcc + 0.3 V. The Am27C64 also has a 
TTL-standby mode which reduces the maximum Vcc current 
to 1.0 mA. It is placed in TTL-standby when CE is at Vi. When 
in standby mode, the outputs are in a high-impedance state, 
independent of the OE input. 


Output OR-Tieing 


To accomodate multiple memory connections, a two-line 
control function is provided to allow for: 


1. Low memory power dissipation, and 
2. Assurance that output bus contention will not occur. 


It is recommended that CE be decoded and used as the 
primary device-selecting function, while OE be made a com- 
mon connection to all devices in the array and connected to 
the READ line from the system control bus. This assures that 
all deselected memory devices are in their low-power standby 
mode and that the output pins are only active when data is 
desired from a particular memory device. 


System Applications 


During the switch between active and standby conditions, 
transient current peaks are produced on the rising and falling 
edges of Chip Enable. The magnitude of these transient 
current peaks is dependent on the output capacitance loading 
of the device. At a minimum, a 0.1-uF ceramic capacitor (high 
frequency, low inherent inductance) should be used on each 
device between Vcc and GND to minimize transient effects. In 
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addition, to overcome the voltage drop caused by the induc- between Vcc and GND for each eight devices. The location of 
tive effects of the printed circuit board traces on EPROM the capacitor should be close to where the power supply is 
arrays, a 4.7-uF bulk electrolytic capacitor should be used connected to the array. 


MODE SELECT TABLE 


Read 

Output Disable 
Standby (TTL) 
Standby (CMOS) 
Program 
Program Verify 


. 


Program Inhibit 


Manufacturer 


Select 


(Note 3) Device 
Code 


Notes:1. X can be either Vi, or Vip 
2. VH=12.0 V+ 05 V 
3. Ay-Ag = Ajo - A12 = ViL 
4. See DC Programming Characteristics for Vpp voltage during programming. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature: Commercial (C) Devices 

TE PIOOUOS oi iccicsvctieseesicstbicssee -65 to + 125°C Case Temperature (Tc) .............ceeceeeee ees 0 to +70°C 
‘ bien assed HHe es -65 to +150°C industrial (I) Devices 

with Power Applied .................0ceceeeees —55 to +125°C OGIO TOOWOTRNNG STG) feseeos sess -s ote oa © eee 
Voltage with Respect to Ground: Extended Commercial (E) Devices 

All pins except Ag, Vpp, and Case Temperature (Tc)...............20cees -55 to +125°C 

A sad Yoo TeCeC errr ee ee ee ee eee eee ee -0.6 se panes Military (M) Devices 

9 Tere eee eee eee eee eee eee ee ee ee ee ~—V. . ef Ss OG ere pee mee ee oe a ° 
ME rihanna keene -0.6 to 7.0 V senae ‘Toomeraiee (70) lee 
: i : Supply Read Voltages: 

sriasene shove Use ee pie preci enagnn Hat Voc/Vpp for Am27C64-XX5 .........--. +4.75 to +5.25 V 
ee ee et Voc/Vpp for Am27C64-XX0 .......6.0-. +4.50 to +5.50 V 
stress rating only; functional operation of the device at these | 
or any other conditions above those indicated in the operation- Operating ranges define those limits between which the 
al sections of this specification is not implied. Exposure of the functionality of the device is guaranteed. 


device to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Notes: 1. Minimum DC voltage on input or !/O is -0.5 V. 
During transitions, the inputs may undershoot GND 
to —2.0 V for periods of up to 20 ns. Maximum DC 
voltage on input and !/O is Voc +0.5 V which may 
overshoot to Vcc +2.0 V for periods up to 20 ns. 


2. For Ag and Vpp the minimum DC input is -0.5 V. 
During transitions, Ag and Vpp may undershoot GND 
to -2.0 V for periods of up to 20 ns. Ag and Vpp must 
not exceed 13.5 V for any period of time. 


DC CHARACTERISTICS over operating range unless otherwise specified (Notes 1, 4, 5 & 8) 


TTL and NMOS Inputs 


(met [Seem [ecm [am [me | 

Symbol Description Test Conditions 

eee ee es a es ee 

poe | Garvin ein ae 
Pema ee 

Mee 


res 
ses e 
C/I Devices 
Iu Input Load Current Vin =0 V to Voc , Be iced 
E/M Devices ee a 
C/| Devices 
ILo Output Leakage Current Vout =9 V to Voc pecoes 
E/M Devices Oe ee 
a [cn Devos | 


Current (Notes 5 & 9). louT =0 mA : 
(Open Outputs) E/M Devices 
Voc Standby Current CE = Vin, C/| Devices 
| 
Vpp Supply Current (Read) ee &: = 
er | be 889 GE ~ DE ~ vu. Ver = Voc 
CMOS inputs 
Parameter Parameter 
Symbol Description Test Conditions 
Ouiput HIGH Voltage 


Output LOW Voltage io. = 21 mA 
input HIGH Voltage 
Iu 


input LOW Voltage 


Input Load Current Vv 0 V to V, UH Devens 
ut Lo = 
: . ed E/M Devices 


3-10 Am27C64 


DC CHARACTERISTICS over operating range unless otherwise specified (Cont'd.) 
Parameter Parameter 
Symbol Description Test Conditions 
C/I Devi 1 
i Sa ess ve lee Ee FF 
FEM Oe | | 10 


CE = ViL, 


Voc Active f=5 MHz, C/! Devices 


loc C n 
urrent (Notes 5 & 9) lout =0 mA 
(Open Outputs) E/M Devices 


| Voc Standby Current (Note 9) CE = Vcc + 0.3 V Sp nna ee A 
n urr = +0. 
Vpp Supply Current (Read 


CAPACITANCE (Notes 2, 3, & 7) 


i 
Symbol Description Test Conditions Typ. 

i oes ey 
a Sea 2 a eee ee ee Ss 
eS as ees ee ee ee 
et | Os Capa Ne lt Be 


Notes: 1. Voc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 

. Typical values are for nominal supply voltages. 

. This parameter is only sampled and not 100% tested. 

. Caution: The Am27C64 must not be removed from, or inserted into, a socket or board when Vpp or Vcc is applied. 

. loci is tested with OE = Vix to simulate open outputs. 

Maximum active power usage is the sum of Icc and Ipp. 

. Ta = 25°C, f= 1 MHz. 

. Minimum DC input voltage is —0.5 V. During transitions, the inputs may undershoot to -2.0 V for periods less than 20 ns. 
Maximum DC voltage on output pins is Vcc +0.5 V which may overshoot to Vcc +2.0 V for periods less than 20 ns. 


ONOMNRWN 


ie) 


. For Am27C64-305, Ioc; = 50mA, Icco (TTL) = 5mA, loca (CMOS) = 500 wA, and Ipp; (Read) = 1mA maximum. 


SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified (Notes 1, 3, & 4) 
Parameter Symbols Am27C64 
Parameter -70, -90, -200, 
Standard Description Test Conditions -75 -95 -205 
uce ee Address to Output aE Pe Mint 
ney [Max | 65 | 70 | 90 | 
ie Chip Enable to OE = Vi Ca eS ee ee 


Output Enable to = 


. jn 
aS <a He Oe 
tEHQZ: HIGH to Output 
tGHOz ‘DF Float 
(Note 2) 7 
= mletetefefefe fe fe 

‘ Addresses, CE, or 

AXQX OE, whichever 

occurred first 


Notes: 1. Voc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 
2. This parameter is only sampled and not 100% tested. 
3. Caution: The Am27C64 must not be removed from, or inserted into, a socket or board when Vpp or Vcc is applied. 
4. For the -55, -70, and -—75: 
Output Load: 1 TTL gate and C; = 30 pF, 
Input Rise and Fall Times: 20 ns, 
Input Pulse Levels: 0 to 3 V, 
Timing Measurement Reference Level: 1.5 V for inputs and outputs. 
For all other versions: 
Output Load: 1 TTL gate and Ci, = 100 pF, 
Input Rise and Fall Times: 20 ns, 
Input Pulse Levels: 0.45 to 2.4 V, 
Timing Measurement Reference Level: 0.8 V and 2 V for inputs and outputs. 


Ee 
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SWITCHING TEST CIRCUIT 


DEVICE 
UNDER 
TEST 


2.7 kQ 


0+5 V 


DIODES = IN3064 
OR EQUIVALENT 


TC003193 
C, = 100 pF including jig capacitance (30 pF for -55, -70, and -75) 


SWITCHING TEST WAVEFORMS 


eA oD 20V ss 

08V (SSrestronts <) SR ee 
0.45V ——— O8V 
OV 


PUT OUTPUT INPUT OUTPUT 
11419-001A 
WF026840 
AC Testing: Inputs are driven at 2.4 V for a AC Testing: Inputs are driven at 3.0 V for a 
logic ''1'' and 0.45 V for a logic logic ''1'' and O V for a logic 
"'O''. Input pulse rise and fall "'O''. Input pulse rise and fall 
times are <20 ns. times are <20 ns for -55, 


-—70, and -—75 devices. 
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SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROM H TOL 


MAY CHANGE 
FROML TOH 


DON'T CARE; 
ANY CHANGE 
PERMITTED 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


WILL BE 
CHANGING 
FROML TOH 


CHANGING; 
STATE 


UNKNOWN 


CENTER 
DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 

“OFF” STATE 


KS000010 
2.4 hati ila ae 
2.0 
ADDRESSES j SE ge 
0.8 
0.45 cilia sia degaae aaaceca 
CE 
‘cE 
OE 
toe tor 
(NOTE 1) (NOTE 2) 
tacc : 
(NOTE 1) OH 


sen ee LLL He 
AAA a 


WF001323 


Notes: 1. OE may be delayed up to tacc-toe after the falling edge of CE without impact on tacc. 
2. tpg is specified from OE or CE, whichever occurs first. 
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PROGRAMMING FLOW CHARTS 


INTERACTIVE 
SECTION 
INCREMENT ADDRESS VERIFY BYTE 
FAIL 
ADDRESS = FIRST LOCATION 
Voc = 5.0 V 
Vpp = 125 V 
OVERPROGRAM 
SECTION 


Voc = 5.0 V +5% 
VERIFY SECTION 


VERIFY ALL BYTES DEVICE FAILED 
PASS 
DEVICE PASSED 
PF002840 


Figure 1. Interactive Programming Flow Chart 
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START 
ADDRESS = FIRST LOCATION 
Voc = 6.25 V 
Vpp = 12.75 V 
2  ks8 ee 


INTERACTIVE 
SECTION 


INCREMENT ADDRESS 


VERIFY SECTION 

VERIFY ALL BYTES 
PASS 
DEVICE PASSED 


Figure 2. Flashrite Programming Flow Chart for OTP EPROM 


DEVICE FAILED 


10205B-008A 


PF002490 


Am27C64 
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DC PROGRAMMING CHARACTERISTICS (Ta = +25°C +5°C) (Notes 1, 2, & 3). 


Parameter 
Description 


PGM Program Pulse Width 


Notes: 1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 
2. When programming the Am27C64, a 0.1-uF capacitor is required across Vpp and ground to suppress spurious 
voltage transients which may damage the device. 
3. Programming characteristics are sampled but not 100% tested at worst-case conditions. 
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PROGRAMMING ALGORITHM WAVEFORMS (Notes 1 & 2) 


PROGRAM 
Vin hie decors VERIFY 


tas gee ‘an 
ene 


Vpp Se ns 
Vep Vi 
Voc +1 
Voc Vee 
Vin ‘ves 
CE Vi 
PGM a 
Vin 
OE a topw 
WF000555 
Notes: 1. The input timing reference level is 0.8 V for Vi. and 2 V for Vip. 
2. tog and tprp are characteristics of the device, but must be accommodated by the programmer. 2 
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ct 


Am27C128 Advanced 
Micro 
16,384 x 8-Bit CMOS EPROM Devices 
DISTINCTIVE CHARACTERISTICS 
@ Fast access time — 55 ns @ JEDEC-approved pinout 
@ Low power consumption: @ +10% power supply tolerance available 
- 100 vA maximum standby current @ One-Time Programmable (OTP) Flashrite! program- 


Programming voltage: 12.5 V 
Single +5-V power supply 


ming 
@ Latch-up protected to 100 mA from -1 V to Voc +1 V 


GENERAL DESCRIPTION 


The Am27C128 is a 128K-bit, ultraviolet erasable program- 
mable read-only memory. It is organized as 16,384 words 
by 8 bits per word, operates from a single + 5-V supply, has 
a static standby mode, and features fast single address 
location programming. Products are available in windowed 
ceramic DIP and LCC packages, as well as plastic. one-time 
programmable (OTP) packages. 


Typically, any byte can be accessed in less than 55 ns, 
allowing operation with high-performance microprocessors 
without any WAIT states. The Am27C128 offers separate 


- Output Enable (OE) and Chip Enable (CE) controls, thus 
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eliminating bus contention in a multiple bus microprocessor 
system. 


AMD's CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power con- 
sumption is only 100 mW in active mode, and 250 pW in 
standby mode. 


All signals are TTL levels, including programming signals. 
Bit locations may be programmed singly, in blocks, or at 
random. The Am27C128 supports AMD's interactive pro- 
gramming algorithm (1-ms pulses) resulting in typical pro- 
gramming times of less than two minutes. 


BLOCK DIAGRAM 


OUTPUT BUFFERS 


131072-BIT 
CELL MATRIX 


BD008360 


PRODUCT SELECTOR GUIDE 


Family Part No. 


Ordering Part No: 


+5% Voc Tolerance 


+10% Vcc Tolerance 


CE —o Access (ns) ee 


Flashrite is a trademark of Advanced Micro Devices Inc. 


re =. | 


eee ee ee ee ee 
a 


0 | tem | eo |e | ee 
LOE G) Access (ns) | 95 | 40 | 40 | so | os | 75 | 100 | 120 | 


ye aaa 


Am27C128 


| -150. | 


11420 
Issue Date: nes 


CONNECTION DIAGRAMS 


Top View 
DIP LCC* 
eee = g $ 8 < 
a BS we es ES ws “ 
4 3 2 1 * 
As oft ” 
2 (A, 
A 27i ft A 
As NC 
A; OE (G) 
A, Aro 
Ao CE (E) 
NC Da, 
DQ, 21, 0a, 
7 
Re ee egg 
z 
CD011810 CD011820 
Notes: 1. JEDEC nomenclature is in parentheses * Also available in 32-pin rectangular plastic 
2. Don't use (DU) for PLCC. leaded chip carrier. 


LOGIC SYMBOL 


LS003360 


PIN DESCRIPTION 


Ao -Ai3 = Address Inputs 

CE (E) = Chip Enable Input 

DQo - DQ7 = Data Inputs/Outputs 

OE (G) = Output Enable Input 
PGM (P) = Program Enable Input 
Vcc = Vcc Supply Voltage 
Vpp = Program Supply Voltage 
GND = Ground 

NC = No Internal Connection 
DU = No External Connection 


Am27C128 3-19 


ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 
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b. Speed Option 
c. Package Type 
d. Temperature Range 
e. Optional Processing 


AM27C128 55 


a. DEVICE NUMBER/DESCRIPTION 


Am27C128 
16K x 8-Bit CMOS UV EPROM 


Valid Combinations 


AM27C128-55 
AM27C128-70 DC, DCB, LC, LCB 
AM27C128-75 


DC, DCB, Di, DIB, 
LC, LCB, LI, LIB 


DC, DCB, Di, DIB, 
DE, DEB, LC, LCB, 
Li, LIB, LE, LEB 


D B 
e. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 
d. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 
| = Industrial (-40 to + 85°C) 
‘ E = Extended Commercial (-55 to + 125°C) 
c. PACKAGE TYPE 


D = 28-Pin Ceramic DIP (CDV028) 
L = 32-Pin Rectangular Ceramic Leadiess Chip 
Carrier (CLV032) 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released valid combinations, 
and to obtain additional data on AMD's standard military 
grade products. 
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ORDERING INFORMATION (Cont'd.) 
OTP Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

b. Speed Option 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM27C128 —120 


. OPTIONAL PROCESSING 

Blank = Standard processing 

d. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 

c. PACKAGE TYPE 
P = 28-Pin Plastic DIP (PD 028) 
J = 32-Pin Rectangular Plastic Leaded Chip Carrier 

(PL 032) 
b. SPEED OPTION 


See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27C128 
16K x 8-Bit CMOS OTP EPROM 


Valid | Valid Combinations Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 


AM27C128-150 sales office to confirm availability of specific valid 
AM27C128-155 combinations, to check on newly released valid combinations, 


JC, PC and to obtain additional data on AMD's standard military 


AM27C128-205 grade products. 
AM27C128-250 
AM27C128-255 
AM27C1 28-300 
AM27C1 28-305 


Am27C128 3-21 


MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) 
is formed by a combination of: a. Device Number 

b. Speed Option 

c. Device Class 

d. Package Type 

e. Lead Finish 


AM27C128 - 90 /B X 


A 
2s LEAD FINISH 


A= Hot Solder Dip 


d. PACKAGE TYPE 
X = 28-Pin Ceramic DIP (CDV028) 
U = 32-Pin Rectangular Ceramic Leadiess Chip 
Carrier (CLV032) 


c. DEVICE CLASS 
/B =Class B 


b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27C128 
16K x 8-Bit CMOS UV EPROM 


AM27C128-90 

AM27C128-120 
AM27C128-150 
AM27C128-200 
AM27C128-250 


AM27C128-300 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, or to check for newly released valid 
combinations. 


/BXA, /BUA 


Group A Tests 


Group A tests consist of Subgroups 
1, 2.3, 7. & @, 10, 4%. 
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FUNCTIONAL DESCRIPTION 
Erasing the Am27C128 


In order to clear all locations of their programmed contents, it 
is necessary to expose the Am27C128 to an ultraviolet light 
source. A dosage of 15 W seconds/cm* is required to 
completely erase an Am27C128. This dosage can be obtained 
by exposure to an ultraviolet lamp — wavelength of 2537 
Angstroms (A) — with intensity of 12,000 uW/cm? for 15 to 
20 minutes. The Am27C128 should be directly under and 
about one inch from the source and all filters should be 
removed from the UV light source prior to erasure. 


It is important to note that the Am27C128, and similar devices, 
will erase with light sources having wavelengths shorter than 
4000 &. Although erasure times will be much longer than with 
UV sources at 25374, nevertheless the exposure to fluores- 
cent light and sunlight will eventually erase the Am27C128 
and exposure to them should be prevented to realize maxi- 
mum system reliability. If used in such an environment, the 
package window should be covered by an opaque label or 
substance. 


Programming the Am27C128 


Upon delivery, or after each erasure, the Am27C128 has all 
131,072 bits in the ''ONE"', or HIGH state. ''ZEROs" are 
loaded into the Am27C128 through the procedure of program- 
ming. 


The programming mode is entered when 12.5 +0.5 V is 
applied to the Vpp pin, CE is at Vj_, and PGM is at Vj,. 


For programming, the data to be programmed is applied 8 bits 
in parallel to the data output pins. 


The flowchart in Figure 1 shows AMD's interactive algorithm. 
interactive algorithm reduces programming time by using short 
programming pulses and giving each address only as many 
pulses as is necessary in order to reliably program the data. 
After each pulse is applied to a given address, the data in that 
address is verified. If the data does not verify, additional 
pulses are given until it verifies or the maximum is reached. 
This process is repeated while sequencing through each 
address of the Am27C128. This part of the algorithm is done 
at Vcc = 6.0 V to assure that each EPROM bit is programmed 
to a sufficiently high threshold voltage. After the interactive 
programming is completed, an overprogram pulse is given to 
each memory location; this ensures that all bits have sufficient 
margin. After the final address is completed, the entire 
EPROM memory is verified at Voc =5 V + 5%. 


Flashrite 


The OTP EPROM Flashrite programming algorithm (shown in 
Figure 2) reduces programming time by using initial 100 us 
pulses followed by a byte verification to determine whether the 
byte has been successfully programmed. If the data does not 
verify, an additional pulse is applied for a maximum of 25 
pulses. This process is repeated while sequencing through 
each address of the OTP EPROM. 


The Flashrite programming algorithm programs and verifies at 
Voc = 6.25 V and Vpp = 12.75 V. After the final address is 
completed, all bytes are compared to the original data with 
Voc = Vpp = 5.25 V. 


Program Inhibit 


Programming of multiple Am27C128s in parallel with different 
data is also easily accomplished. Except for CE, all like inputs 
of the parallel Am27C128 may be common. A TTL low-level 
program pulse applied to an Am27C128 PGM input with 
Vpp = 12.5 + 0.5 V and CE LOW will program that Am27C128. 


Am27C128 


A high-level CE input inhibits the other Am27C128s from being 
programmed. 


Program Verify 


A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The verify 
should be performed with OE and CE at Vi,, PGM at Vip, and 
Vpp between 12.0 V to 13.0 V. 


Auto Select Mode 


The auto select mode allows the reading out of a binary code 
from an EPROM that will identify its manufacturer and type. 
This mode is intended for use by programming equipment for 
the purpose of automatically matching the device to be 
programmed with its corresponding programming algorithm. 
This mode is functional in the 25°C + 5°C ambient tempera- 
ture range that is required when programming the Am27C128. 


To activate this mode, the programming equipment must force 
12.0 + 0.5 V on address line Ag of the Am27C128. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address line Ao from Vi, to Vjy. All other 
address lines must be held at Vj, during auto select mode. 


Byte 0 (Ag = Vi.) represents the manufacturer code, and byte 
1 (Ap = Vip), the device identifier code. For the Am27C128, 
these two identifier bytes are given in the Mode Select table. 
All identifiers for manufacturer and device codes will possess 
odd parity, with the MSB (DQ7) defined as the parity bit. 


Read Mode 


The Am27C128 has two control functions, both of which must 
be logically satisfied in order to obtain data at the outputs. 
Chip Enable (CE) is the power control and should be used for 
device selection. Output Enable (OE) is the output contro! and 
should be used to gate data to the output pins, independent of 
device selection. Assuming that addresses are stable, address 
access time (tacc) is equal to the delay from CE to output 
(tce). Data is available at the outputs tog after the falling edge 
of OE, assuming that CE has been LOW and addresses have 
been stable for at least tacc-—toe™. 


Standby Mode 


The Am27C128 has a CMOS standby mode which reduces 
the maximum Vcc current to 100 wA. It is placed in CMOS- 
standby when CE is at Vcc + 0.3 V. The Am27C128 also has a 
TTL-standby mode which reduces the maximum Vcc current 
to 1.0 mA. It is placed in TTL-standby when CE is at Vi. When 
in standby mode, the outputs are in a high-impedance state, 
independent of the OE input. 


Output OR-Tieing 


To accomodate multiple memory connections, a two-line 
control function is provided to allow for: 


1. Low memory power dissipation, and 
2. Assurance that output bus contention will not occur. 


lt is recommended that CE be decoded and used as the 
primary device-selecting function, while OE be made a com- 
mon connection to all devices in the array and connected to 
the READ line from the system control bus. This assures that 
all deselected memory devices are in their low-power standby 
mode and that the output pins are only active when data is 
desired from a particular memory device. 


System Applications 


During the switch between active and standby conditions, 
transient current peaks are produced on the rising and falling 
edges of Chip Enable. The magnitude of these transient 
current peaks is dependent on the output capacitance loading 
of the device. At a minimum, a 0.1-uF ceramic capacitor (high 
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frequency, low inherent inductance) should be used on each arrays, a 4.7-uF bulk electrolytic capacitor should be used 


device between Vcc and GND to minimize transient effects. In between Vcc and GND for each eight devices. The location of 
addition, to overcome the voltage drop caused by the induc- the capacitor should be close to where the power supply is 


tive effects of the printed circuit board traces on EPROM connected to the array. 


MODE SELECT TABLE 


Output Disable 
Standby (TTL) Voc 


Voc 


Auto Select 
(Notes 3 & 4) 


Notes: 1. X can be either Vi, or Viy 
2. VH=12.0 V+ 0.5 V 
3. Ay -Ag = Ajo-Ai2= vy 
4. Aig=X 
5. See DC Programming characteristics for Vpp voltage during programming. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature: 


CIP VIOGUCIS . eee -65 to +125°C 

PR OUST PIC SE eave eis sacc sees: -—65 to +150°C 
Ambient Temperature 

with Power Applied ...................eeeeeeee -55 to +125°C 


Voltage with Respect to Ground: 
All pins except Ag, Vpp, and 


MOG i iii a es -0.6 to Voc +0.5 V 
Pa OI VOD orci ieee tein -0.6 to 13.5 V 
OT ao ooo oo nes Cd ea kes -0.6 to 7.0 V 


Stresses above those listed under ''Absolute Maximum Rat- 
ings'' may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the operation- 
al sections of this specification is not implied. Exposure of the 


OPERATING RANGES 


Commercial (C) Devices 


Case Temperature (TC) ............cccseeeee eens 0 to +70°C 
Industrial (1) Devices 

Case Temperature (TC) .............eeeceeeees -40 to +85°C 
Extended Commercial (E) Devices 

Case Temperature (Tc)................0008 -55 to +125°C 
Military (M) Devices 

Case Temperature (Tc)...............22055: -55 to +125°C 
Supply Read Voltage: 

Voc/Vpp for Am27C128-XX5........... +4,75 to +6.25 V 

Voc/Vpp for Am27C128-XX0........... +4.50 to +5.50 V 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


device to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Notes: 1. Minimum DC voltage on input or I/O is -0.5 V. 
During transitions, the inputs may undershoot GND 
to -2.0 V for periods of up to 20 ns. Maximum DC 
voltage on input and |/O is Vcc +0.5 V which may 
overshoot to Vcc +2.0 V for periods up to 20 ns. 


2. For Ag and Vpp the minimum DC input is —-0.5 V. 
During transitions, Ag and Vpp may undershoot GND 
to -2.0 V for periods of up to 20 ns. Ag and Vpp must 
not exceed 13.5 V for any period of time. 


DC CHARACTERISTICS over operating range unless otherwise specified (Notes 1, 4, 5 & 8) 


TTL and NMOS Inputs 


[ramet [deem [concn | wm [| 
Symbol Description Test Conditions 

Mon | Out GH Volos Lier | A 
rae a ee ee 


input Load Current View OV to V allah 
npu oa urren = (@) 
Lt P is on E/M Devices 


aa] 
is 

Saini 

= 

ame 

see 


CE = Vit, C/| Devices 


f=5 MHz, 
louT =O mA 


Voc Active 
Current (Notes 5 & 9) 


(Open Outputs) 


Voc Standby Current CE = Vin, 
loc2 (Note 9) OE = Vi 
Vpp Supply Current (Read) aE “ 
jes | ie $85 saab oh ont 


E/M Devices 


Parameter 
Description 


Test Conditions 


Symbol 

No | Ow Cw Noes | aim 
es a es ee ae 
: 


Input Load Current VIN=0 V to Voc 


Am27C128 3-25 


DC CHARACTERISTICS over operating range unless otherwise specified (Cont'd.) 
Parameter Parameter 
Symbol Description Test Conditions 
C/| Devices 10 
ILo Output Leakage Current Vout =9 V to Vcc : ae WA 


CE = VIL, . 
f= & Mit. C/| Devices 


louT = 0 mA 
(Open Outputs) E/M Devices 


Ioc2 Voc Standby Current CE = Voc t 0.3 V C/| Devices Bee 108s | uA 


CAPACITANCE (Notes 2, 3, & 7) 


[reset |__ dec [coms | | oe | ow 
Symbol Description Test Conditions Typ. Max. 

[Cnt | Address Input Capacitance | Vw=OVCSCdT~SCi | | 
ee eee 
a ae es ee ee 
Vour=0 V 2 a ee 


Voc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 
2. Typical values are for nominal supply voltages. 

3. This parameter is only sampled and not 100% tested. 

4. Caution: The Am27C128 must not be removed from, or inserted into, a socket or board when Vpp or Vcc is applied. 
5. Ioc1 is tested with OE =Vjy to simulate open outputs. 
6. Maximum active power usage is the sum of Ico and Ipp. 
z 

8 

9 


Vcc Active 


loct Current (Notes 5 & 9) 


. Ta = 25°C, f= 1 MHz. 

. Minimum DC input voltage is -0.5 V. During transitions, the inputs may undershoot to -2.0 V for periods less than 20 ns. Maximum DC 
voltage on output pins is Vcc +0.5 V which may overshoot to Vcc +2.0 V for periods less than 20 ns. 

. For Am27C128-305, loc; = 50mA, Ioce (TTL) = 5mA, loca (CMOS) = 500uA, and Ipp; (Read) = 1mA maximum. 


Parameter Symbols S Am27C128 
Parameter -70, -90, 
Standard Description -75 -95 


Output Enable 
tEHQz: HIGH to Output 


tGHaz Float 
(Note 2) 


Output Hold 
from Addresses, 
CE, or 

OE, whichever 
occurred first 


Notes: 1. Voc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 
2. This parameter is only sampled and not 100% tested. 
3. Caution: The Am27C128 must not be removed from, or inserted into, a socket or board when Vpp or Vcc is applied. 
4. For the —55, -70, —75: 
Output Load: 1 TTL gate and C, = 30 pF, 
Input Rise and Fall Times: 20 ns, 
Input Pulse Levels: 0 to 3 V, 
Timing Measurement Reference Level —1.5 V inputs and outputs. 


For all other Versions: 
Output Load: 1 TTL gate and C; = 100 pF, 
Input Rise and Fall Times: 20 ns, 
Input Pulse Levels: 0.45 to 2.4 V, 
Timing Measurement Reference Level: 0.8 V and 2 V for inputs and outputs. 
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SWITCHING TEST CIRCUIT 


DEVICE 2.7 kQ 
UNDER 0+5 V 
TEST 
DIODES = IN3064 
OR EQUIVALENT 
TC003193 


Cy = 100 pF including jig capacitance (30 pF for —55, -70, and -75) 


SWITCHING TEST WAVEFORMS 


2.4V 3V 
<@—TEST POINTS—e 
0.45V 
INPUT OUTPUT OV 
INPUT OUTPUT 
11420-001A 
11420-002A 
WF026820 
AC Testing: Inputs are driven at 2.4 V fora WF026830 
logic ''1"' and 0.45 V for a logic AC Testing: Inputs are driven at 3.0 V for a 


logic ''1"' and 0 V for a logic 
"0". Input pulse rise and fall 
times are <20 ns for -—55, 
-70, and -—75 devices. 


"0". Input pulse rise and fall 
times are <20 ns. 
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SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROM H TOL 


MAY CHANGE 
FROM L TOH 


DON'T CARE; 
ANY CHANGE 
PERMITTED 


OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


WILL BE 
CHANGING 
FROM L TOH 


CHANGING; 
STATE 
UNKNOWN 


CENTER 


DOES NOT 
APPLY 


LINE iS HIGH 
IMPEDANCE 


“OFF” STATE 


KS000010 


2.4 PN SOOM SOREN NOR 
2.0 
AODRESSES ADORESSES 
VALIO 
0.8 
0.45 LET Ge io es PO 
cE 
tce 
OE 
toe tor 
(NOTE 1) (NOTE 2) 
tacc : 
(NOTE 1) OH 
OUTPUT VALID 
ae OUTPUT 


WF001324 


Notes: 1. OE may be delayed up to tacc-tog after the falling edge of CE without impact on tacc. 
2. tor is specified from OE or CE, whichever occurs first. 
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PROGRAMMING FLOW CHARTS 


START 
ADDRESS = FIRST LOCATION 
Voc = 6.0 V 
Vpp = 125 V 
PROGRAM ONE 1 ms PULSE 
INCREMENT X 


INTERACTIVE 
SECTION 
YES 


ADDRESS = FIRST LOCATION 
Voc = 5.0 Vv 
Vpp = 125 V 


INCREMENT ADDRESS LAST ADDRESS? 
OVERPROGRAM 


SECTION 


PROGRAM ONE 2 ms PULSE 
INCREMENT ADDRESS LAST ADDRESS? 


Voc = 5.0 V +5% 
VERIFY SECTION 
VERIFY ALL BYTES 


PASS 
DEVICE PASSED 


Figure 1. Interactive Programming Flow Chart 


FAIL 


DEVICE FAILED 


PF002840 
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Voc = 6.25 V 
Vpp = 12.75 V 
aes 


INTERACTIVE 
SECTION 


INCREMENT ADDRESS 


VERIFY SECTION 


VERIFY ALL BYTES DEVICE FAILED 
PASS 
‘ DEVICE PASSED 
a 102058-008A 


PF002490 


Figure 2. Flashrite Programming Flow Chart for OTP EPROM 
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DC PROGRAMMING CHARACTERISTICS (Ta = +25°C +5°C) (Notes 1, 2, & 3). 


Parameter Parameter 
Symbol Description Test Conditions 


L Input Current (All Inputs) 


Voc + 0.5 
0.45 


input LOW Level (All Inputs) oo. 
a ie 
| 
ies Sek Gane tome even) tT 
‘int of 
nets Pepeeng tae 
oS eee 
noe 


ie) 
me 


Flashrite Supply Voltage 


Flashrite Programming Voltage 


© 


5.75 
12.5 


3 


Parameter 
Description 


Address Setup Time 


OE Setup Time 


sists Flashrite 
PGM Program Pulse Width 


topw PGM Overprogram Pulse Width (interactive) 


Data Valid from OE 


Notes: 1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 
2. When programming the Am27C128, a 0.1-uF capacitor is required across Vpp and ground to suppress spurious 
voltage transients which may damage the device. 
3. Programming characteristics are sampled but not 100% tested at worst-case conditions. 


= 


” ” DI NDI NIDIN ION 


i 


ié) 
o 


=) 
oi 
7) 


1.95 


on 
© 


Sr 
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AODRESSES 


DATA 


Vpp 


Vin 


Viv 


Vin 


Rh ee ee 


PROGRAMMING ALGORITHM WAVEFORMS (Notes 1 & 2) 


PROGRAM 


PROGRAM VERIFY 
_— ee 


DATA IN Pe eames DATA OUT VALID 


MAX 


‘ves Se 
3 a 


topw pat 


WF000555 


Notes: 1. The input timing reference level is 0.8 V for Vi, and 2 V for VjH. 
2. toe and tprp are characteristics of the device, but must be accommodated by the programmer. 
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Am27C256 Advanced 
: Micro 
32,/68 x 8-Bit CMOS EPROM Devices 
DISTINCTIVE CHARACTERISTICS 
@ Fast access time — 55 ns @ JEDEC-approved pinout 
@ Low power consumption: @ +10% power supply tolerance available 
- 100 vA maximum standby current @ One-Time Programmable (OTP) Flashrite! program- 


Programming voltage: 12.5 V 
Single +5-V power supply 


ming 
@ Latch-up protected to 100 mA from -1 V to Voc “+1V 


GENERAL DESCRIPTION 


The Am27C256 is a 256K-bit, ultraviolet erasable program- 
mable read-only memory. It is organized as 32,768 words 
by 8 bits per word, operates from a single + 5-V supply, has 
a static standby mode, and features fast single address 
location programming. Products are available in windowed 
ceramic DIP and LCC packages, as well as plastic one-time 
programmable (OTP) packages. 


Typically, any byte can be accessed in less than 55 ns, 
allowing operation with high-performance microprocessors 
without any WAIT states. The Am27C256 offers separate 
Output Enable (OE) and Chip Enable (CE) controls, thus 


eliminating bus contention in a multiple bus microprocessor 
system. 


AMD's CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power con- 
sumption is only 100 mW in active mode, and 250 pW in 
standby mode. 


All signals are TTL levels, including programming signals. 
Bit locations may be programmed singly, in blocks, or at 
random. The Am27C256 supports AMD's interactive pro- 
gramming algorithm (1-ms pulses) resulting in typical pro- 
gramming times of less than two. minutes. 


BLOCK DIAGRAM 


DATA OUTPUTS 
Ome Voc DQ-DQ7 
O——— GND 
OE OUTPUT ENABLE 
CHIP ENABLE 
ANDO 
CE PROG LOGIC 
Ao~Ar4 
ADORESS 
INPUTS 


262,144-BIT 
CELL MATRIX 


BD000214 


PRODUCT SELECTOR GUIDE 


Family Part No. 


Am27C256 
Ordering Part No: 


+5% Voc Tolerance oe ee = ee 


Wax Access Time (ns) | 86 | 70 | 00 | 100 | 120 | 150 | 170 | 200 | 250 | 00 
CE © Access (rs) | 85 | 70 | 90 | v0 | 120 | 150 | 170 | 200 | 250 | 900 | 
[OE ) Access ins) | 05 | 40 | «0 | «0 | so | 65 | 70 | 75 | 100 | 120 | 


Flashrite is a trademark of Advanced Micro Devices Inc. 08007 


Issue Date: January 1989 


CONNECTION DIAGRAMS 


Top View 
DIP Lcc* 
g 
gee 2 = 2.4 £2 
Tee 
A off A 
As ze {tl A 
A An 
Ay NC 
Ay OE G) 
A, Ayo 
Ao CE €) 
NC 22({ 00, 
DQ, 2i-¢ 0a 
7 20 
wa oe Be me Eo ee 
S65 eta 
CD011830 CD006007 
Notes: 1. JEDEC nomenciature is in parentheses. * Also available in 32-pin rectangular plastic leaded 
2. Don't use (DU) for PLCC. chip carrier. 


LOGIC SYMBOL 


LS002297 


PIN DESCRIPTION 


Ao -Ai4 = Address Inputs 

CE (E) = Chip Enable Input 

DQo - DQ7 = Data inputs/Outputs 
OE (G) = Output Enable Input 
Voc = Vcc Supply Voltage 
Vpp = Program Supply Voltage 
GND = Ground 

NC = No Internal Connection 
DU = No External Connection 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number : 

b. Speed Option 

c. Package Type 

d. Temperature Range 
. Optional Processing 


AM27C256 -55 D Cc B 


ae OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 
| = Industrial (-40 to +85°C) 
E = Extended Commercial (-55 to + 125°C) 


c. PACKAGE TYPE 
D = 28-Pin Ceramic DIP (CDV028) 
L = 32-Pin Rectangular Ceramic Leadiess Chip 
Carrier (CLV032) 


b. SPEED OPTION 
See Product Selector Guide and Valid Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27C256 
32K x 8-Bit CMOS UV EPROM 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released valid combinations, 
and to obtain additional data on AMD's standard military 
grade products. 


DC, DCB, LC, LCB 


DC, DCB, DI, DIB, 
LC, LCB, LI, LIB 


DC, DCB, DI, DIB, 
DE, DEB, LC, LCB, 
UT, U6, te, LEB 
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ORDERING INFORMATION (Cont'd.) 
OTP Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

b. Speed Option 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM27C256 ~120 P. & 


oe e. OPTIONAL PROCESSING 


Blank = Standard processing 


d. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 


c. PACKAGE TYPE 
P = 28-Pin Plastic DIP (PD 028) 
J = 32-Pin Rectangular Plastic Leaded Chip Carrier 
(PL 032) 


b. SPEED OPTION 
See Product Selector Guide 


a. DEVICE NUMBER/DESCRIPTION 
Am27C256 
32K x 8-Bit CMOS OTP EPROM 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released valid combinations, 
and to obtain additional data on AMD's standard military 
grade products. 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) 
is formed by a combination of: a. Device Number 

b. Speed Option 

c. Device Class 

d. Package Type 

e. Lead Finish 


AM27C256 -90 /B X A 


Boe LEAD FINISH 
A = Hot Solder Dip 
d. PACKAGE TYPE 
X = 28-Pin Ceramic DIP (CDV028) 
U = 32-Pin Rectangular Ceramic Leadless Chip 
Carrier (CLV032) 
c. DEVICE CLASS 
/B =Class B 
b. SPEED OPTION 


See Product Selector Guide 


a. DEVICE NUMBER/DESCRIPTION 
Am27C256 
32K x 8-Bit CMOS UV EPROM 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, or to check for newly released valid 
combinations. 


Group A Tests 


Group A tests consist of Subgroups 
1, 223,728. S407 
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FUNCTIONAL DESCRIPTION 
Erasing the Am27C256 


In order to clear all locations of their programmed contents, it 
is necessary to expose the Am27C256 to an ultraviolet light 
source. A dosage of 15 W seconds/cm® is required to 
completely erase an Am27C256. This dosage can be obtained 
by exposure to an ultraviolet lamp — wavelength of 2537 
Angstroms (A) — with intensity of 12,000 uW/cm? for 15 to 
20 minutes. The Am27C256 should be directly under and 
about one inch from the source and ail filters should be 
removed from the UV light source prior to erasure. 


It is important to note that the Am27C256, and similar devices, 
will erase with light sources having wavelengths shorter than 
4000 A. Although erasure times will be much longer than with 
UV sources at 25374, nevertheless the exposure to fluores- 
cent light and sunlight will eventually erase the Am27C256 
and exposure to them should be prevented to realize maxi- 
mum system reliability. If used in such an environment, the 
package window should be covered by an opaque label or 
substance. 


Programming the Am27C256 


Upon delivery, or after each erasure, the Am27C256 has all 
262,144 bits in the ''ONE"', or HIGH state. ''ZEROs"' are 
loaded into the Am27C256 through the procedure of program- 
ming. 


The programming mode is entered when 12.5 +0.5 V is 
applied to the Vpp pin, OE is at Vijy, and CE is at Vj. 


For programming, the data to be programmed is applied 8 bits 
in parallel to the data output pins. 


The flowchart in Figure 1 shows AMD's interactive algorithm. 
Interactive algorithm reduces programming time by using short 
programming pulses and giving each address only as many 
pulses as is necessary in order to reliably program the data. 
After each pulse is applied to a given address, the data in that 
address is verified. If the data does not verify, additional 
pulses are given until it verifies or the maximum is reached. 
This process is repeated while sequencing through each 
address of the Am27C256. This part of the algorithm is done 
at Vcc = 6.0 V to assure that each EPROM bit is programmed 
to a sufficiently high threshold voltage. After the interactive 
programming is completed, an overprogram pulse is given to 
each memory location; this ensures that all bits have sufficient 
margin. After the final address is completed, the entire 
EPROM memory is verified at Voc =5 V + 5%. 


Flashrite 


The OTP EPROM Flashrite programming algorithm (shown in 
Figure 2) reduces programming time by using initial 100 us 
pulses followed by a byte verification to determine whether the 
byte has been successfully programmed. If the data does not 
verify, an additional pulse is applied for a maximum of 25 
pulses. This process is repeated while sequencing through 
each address of the OTP EPROM. 


The Flashrite programming algorithm programs and verifies at 
Voc = 6.25 V and Vpp = 12.75 V. After the final address is 
completed, all bytes are compared to the original data with 
Voc = Vpp = 5.25 V. 


Program Inhibit 


Programming of multiple Am27C256s in parallel with different 
data is also easily accomplished. Except for CE, all like inputs 
of the parallel Am27C256 may be common. A TTL low-level 
program pulse applied to an Am27C256 CE input with 
Vpp = 12.5 + 0.5 V and OE HIGH will program that 
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Am27C256. A high-level CE input inhibits the other 
Am27C256s from being programmed. 


Program Verify 


A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The verify 
should be performed with OE at Vi_, CE at Vin, and Vpp 
between 12.0 V to 13.0 V. 


Auto Select Mode 


The auto select mode allows the reading out of a binary code 
from an EPROM that will identify its manufacturer and type. 
This mode is intended for use by programming equipment for 
the purpose of automatically matching the device to be 
programmed with its corresponding programming algorithm. 
This mode is functional in the 25°C + 5°C ambient tempera- 
ture range that is required when programming the Am27C256. 


To activate this mode, the programming equipment must force 
12.0 + 0.5 V on address line Ag of the Am27C256. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address line Ao from Vj, to Viy. All other 
address lines must be held at Vj, during auto select mode. 


Byte 0 (Ao = Vi) represents the manufacturer code, and byte 
1 (Ap = Vix), the device identifier code. For the Am27C256, 
these two identifier bytes are given in the Mode Select table. 
All identifiers for manufacturer and device codes will possess 
odd parity, with the MSB (DQ7) defined as the parity bit. 


Read Mode 


The Am27C256 has two control functions, both of which must 
be logically satisfied in order to obtain data at the outputs. 
Chip Enable (CE) is the power control and should be used for 
device selection. Output Enable (OE) is the output control and 
should be used to gate data to the output pins, independent of 
device selection. Assuming that addresses are stable, address 
access time (tacc) is equal to the delay from CE to output 
(tcE). Data is available at the outputs tog after the falling edge 
of OE, assuming that CE has been LOW and addresses have 
been stable for at least tacc— toe. 


Standby Mode 


The Am27C256 has a CMOS standby mode which reduces 
the maximum Vcc current to 100 wA. It is placed in CMOS- 
standby when CE is at Vcc + 0.3 V. The Am27C256 also has a 
TTL-standby mode which reduces the maximum Vcc current 
to 1.0 mA. Itis placed in TTL-standby when CE is at Viy. When 
in standby mode, the outputs are in a high-impedance state, 
independent of the OE input. 


Output OR-Tieing 


To accomodate multiple memory connections, a two-line 
control function is provided to allow for: 


1. Low memory power dissipation, and 
2. Assurance that output bus contention will not occur. 


It is recommended that CE be decoded and used as the 
primary device-selecting function, while OE be made a com- 
mon connection to all devices in the array and connected to 
the READ line from the system control bus. This assures that 
all deselected memory devices are in their low-power standby 
mode and that the output pins are only active when data is 
desired from a particular memory device. 


System Applications 


During the switch between active and standby conditions, 
transient current peaks are produced on the rising and falling 
edges of Chip Enable. The magnitude of these transient 
current peaks is dependent on the output capacitance loading 
of the device. At a minimum, a 0.1-yuF ceramic capacitor (high 
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frequency, low inherent inductance) should be used on each arrays, a 4.7-uF bulk electrolytic capacitor should be used 


device between Vcc and GND to minimize transient effects. In between Vcc and GND for each eight devices. The location of 
addition, to overcome the voltage drop caused by the induc- the capacitor should be close to where the power supply is 
tive effects of the printed circuit board traces on EPROM connected to the array. 


MODE SELECT TABLE 


Read Dour 
Output Disable i 


Standby (TTL) 


Standby (CMOS) 


Program 
Program Verify 


iit 


Program Inhibit 


Manufacturer 


(Notes 3 & 4) 


Device Code 


Notes: 1. X can be either Vip or Vin 
2. Vy = 12.0 V + 0.5 V 
3. Ay -Ag = Ajo - Ai2 = Vit 
4. Aig and A14 =X 
5. See DC Programming characteristics for Vpp voltage during programming. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature Commercial (C) Devices 
COT PG ooo och in boven -65 to +125°C Case Temperature (TC) ..........cececeseeeeeenes 0 to +70°C 
A pine tated Re ee pee ene -65 to + 150°C Industrial (I) Devices 
; ee ° 
with Power Appliod ......<..c.cecsse.ecssesee. -55 to +125°C CRA TOMER IG) crete sents er: eden head 
Voltage with Respect to Ground: Extended Commercial (E) Devices 
All pins except Ag, Vpp, and Case Temperature (To) ..............ceeeee -55 to +125°C 
Pi Vee TEPER eP eee eee ee ee eee eee eee ee -0.6 ph : Military (M) Devices 
CCR Oe eee ee eee eee ee er . . See R eM een + ° 
Wee ee -0.6 to 7.0 V Case Tereerens iO cis es 
‘ Supply Read Voltage: 
sega rc esc areata Voc/Vpp for AM27C256-XX5.......+... +4.75 to +5.25 V 
ee ey ee Pee ees oe Cover tire 0 8 Voc/Vpp for Am27C256-XX0........... +4.50 to +5.50 V 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the operation- Operating ranges define those limits between which the 
al sections of this specification is not implied. Exposure of the functionality of the device is guaranteed. 


device to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Notes: 1. Minimum DC voltage on input or I/O is -0.5 V. 
During transitions, the inputs may undershoot GND 
to —2.0 V for periods of up to 20 ns. Maximum DC 
voltage on input and |/O is Voc +0.5 V which may 
overshoot to Vcc +2.0 V for periods up to 20 ns. 


2. For Ag and Vpp the minimum DC input is —0.5 V. 
During transitions, Ag and Vpp may undershoot GND 
to -2.0 V for periods of up to 20 ns. Ag and Vpp must 
not exceed 13.5 V for any period of time. 


DC CHARACTERISTICS over operating range unless otherwise specified (Notes 1, 4, 5 & 8) 


TTL and NMOS Inputs 


i 
Symbol Description Test Conditions 

oes ee ee a ee ree ee 
ee ae a es ae 
i eee 
Pa (wee 


IH 

iL 
: E/M Devices 
E/M Devices 
Icc2 


20 

Ea 

ee 

See 

ee 

= See 

Voc Active f=5 Mtb, a ee 

Current (Notes 5 & 9) louT = 0 mA 

(Open Outputs) eS 

pee 

a 


E/M Devices 


Voc Standby Current CE = Vin, C/| Devices 
(Note 9) OE = Vit E/M Devices 
Vpp Supply Current (Read) oe . = 


CMOS Inputs 


Parameter Parameter 
Symbol Description Test Conditions 


Output HIGH Voltage lon =-400 yA aa 


as aa 
es 
oe 
ae 
ar 
Recs 
| ae 


Output LOW Voltage lot = 2.1 mA 
[Vin | Input HIGH Vortage ie 
[Vu _|_mput LOW Vottage ee 


C/I Devices oe 
Input Load Current Vin =0 V to Voc , 
EM Dec ft 
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VOH 
VOL 
VIH 
ViL 
Iu 


DC CHARACTERISTICS over operating range unless otherwise specified (Cont'd.) 
Parameter : Parameter 
Symbol Description Test Conditions 
C/I Devices 10 
ILo Output Leakage Current Vout =0 V to Voc Re ee eee eee es 
i es 


CE = Vit, : 
Voc Active f=5 Mhz, C/I Devices 


Ioc1 C | 
urrent (Notes 5 & 9) louT =0 mA 
(Open Outputs) E/M Devices 


= Vo Standby Curent <i ee eee 
— = EM Devices | | 120 
Vpp Supply Current (Read) . < S 
| | ne 88 8 CE = OE =v Ver = Voc oo [a 


CAPACITANCE (Notes 2, 3, & 7) 


a 
Symbol Description Test Conditions Typ. 

Sa ees ee ee ee 
ee ee a ee eS 
ae ae eee eee 
Ee = | ee Onpetence = Vo 8 te 


Notes: 1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 

. Typical values are for nominal supply voltages. 

. This parameter is only sampled and not 100% tested. 

. Caution: The Am27C256 must not be removed from, or inserted into, a socket or board when Vpp or Vcc is applied. 

. loci is tested with OE = Vy to simulate open outputs. 

Maximum active power usage is the sum of Icc and Ipp. 

Ta = 25°C, f= 1 MHz. 

. Minimum DC input voltage is -0.5 V. During transitions, the inputs may undershoot to —2.0 V for periods less than 20 ns. 
Maximum DC voltage on output pins is Vcc +0.5 V which may overshoot to Vcc +2.0 V for periods less than 20 ns. 

. For Am27C256-305, loc; = 50 mA, Icca(TTL) = 5 mA, Ioce(CMOS) = 500 wA and Ipp;(Read) = 1 mA maximum. 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified (Notes 1, 3 & 4) 
(a fol 
Standard Description 
ee a ee ee ee 
mov | co [Doty [wx] 36 | vo | 0 | woo | vam | iso | 0 | a | ono | oo 
ae 
Output Delay [Max.| 55 | 70 | 90 | 100 | 120 | 180 | 170 | 200 | 260 | 300 

Output Enable to [ae _ Ce ee ee ee eee 

=e owe omy [EM Ive fo] | ww | | | | | 


re [Sage seRee 
tEHQZ; HIGH to Output 


tGHQZ ‘DF Float 


(Note 2) 
Output Hold from 
Addresses, CE, or 
Notes: 1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 
2. This parameter is only sampled and not 100% tested. 
3. Caution: The Am27C256 must not be removed from, or inserted into, a socket or board when Vpp or Vcc is applied. 
4 
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OE, whichever 
occurred first 
. For the —55, -70, and -—75: 
Output Load: 1 TTL gate and C, = 30 pF, 
Input Rise and Fall Times: 20 ns, 
Input Pulse Levels: 0 to 3 V, 
Timing Measurement Reference Level: 1.5 V for inputs and outputs. 
For all other versions: 
Output Load: 1 TTL gate and C; = 100 pF, 
Input Rise and Fail Times: 20 ns 
Input Pulse Levels: 0.45 to 2.4 V, 
Timing Measurement Reference Level: 0.8 V and 2 V for inputs and outputs. 
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SWITCHING TEST CIRCUIT 


DEVICE 2.7 kQ 
UNDER 0+5 V 
TEST 
DIODES = IN3064 
OR EQUIVALENT 
TC003193 
Cy = 100 pF including jig capacitance (30 pF for -55, -70, & —75) 
SWITCHING TEST WAVEFORMS 
24V 3V 
20V 20V 
: OV 
INPUT OUTPUT INPUT OUTPUT 
11419-001A 
WF026840 


AC Testing: Inputs are driven at 2.4 V for a AC Testing: Inputs are driven at 3.0 V for a 
logic ''1'' and 0.45 V for a logic logic ''1'' and 0 V for a logic 
"0". Input pulse rise and fall 'O''. Input pulse rise and fall 
times are <20 ns. times are <20 ns for —55, 
-70, & -75 devices. 
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SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORMS 


WAVEFORM 


INPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROM H TOL 


OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


WILL BE 
CHANGING 
FROML TOH 


MAY CHANGE 
FROML TOH 


DON’T CARE; CHANGING; 
ANY CHANGE STATE 
PERMITTED UNKNOWN 


CENTER 
DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 

“OFF” STATE 


KS000010 
2.4 isis seas lesan Sones 
2.0 
ADORESSES 4 — 
0.8 
0.45 sittin. aia enmee cae 
CE 
'ce 
OE 
'OE 
(NOTE 1) (NOTE 2) 


ROO 


(NOTE 1) 


cme mz | LLL, 
WAAAY 


VALID 
OUTPUT 


WF001323 
Notes: 1. OE may be delayed up to tacc-toe after the falling edge of CE without impact on tacc. 
2. tor is specified from OE or CE, whichever occurs first. 
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PROGRAMMING FLOW CHARTS 


START 


> 

5 

ee) 

o 

<< wm 
uv 

v8 u 

ty n 

bse 5 

Po = 

< az 

- O 

re) 

> 

7 | 

re) 

z 


INTERACTIVE. 
SECTION 


VERIFY BYTE 


INCREMENT ADDRESS 


LAST ADDRESS? 


ADDRESS = FIRST LOCATION 


Voc = 50 Vv 
Vpp = 125 Vv 


PROGRAM ONE 2 ms PULSE 


INCREMENT ADDRESS LAST ADDRESS? 


Voc = 50 V +5% 


VERIFY ALL BYTES 
? 


FAIL 


—}—— 


OVERPROGRAM 
SECTION 


VERIFY SECTION 


DEVICE FAILED 


PASS 


DEVICE PASSED 


L 


PF002840 


Figure 1. Interactive Programming Flow Chart 
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Voc = 6.25 V 
Vpp = 12.75 V 
a 


INTERACTIVE 
SECTION 
YES 


INCREMENT ADDRESS 


LAST ADDRESS? 
Y 


ES 
Voc = Vpp = 5.25 V 
VERIFY SECTION 
VERIFY ALL BYTES 
2 


: PASS 
DEVICE PASSED 


Figure 2. Flashrite Programming Flow Chart for OTP EPROM 


DEVICE FAILED 


10205B-008A 


PF002490 
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DC PROGRAMMING CHARACTERISTICS (Ta = +25°C +5°C) (Notes 1, 2, & 3). 


i i ra sea 
Symbol Description Test Conditions 

Tn pt Garent arinpus) Sd Mn rn || t00 «|v 
a OT 
pewiew |B ee ve 
[-Ourput HIGH Votage During Verty | ton=-00 uk _—*i| 2a 


gary See eee 
[vos Supply Curent Program &veriy [Sd 
Voce | Fests Progamming Votags «dt SSSSS*d Cs | te 


SWITCHING PROGRAMMING CHARACTERISTICS (Ta = +25°C +5°C) (Notes 1, 2, & 3). 


ViH 
VOL 
VOH 
VH 
Icc3 


343 


<i< 


Parameter 
Symbols 


Parameter 
| sevec | standard _| Description 
wea |e | eee te 
pe oe (eee 
a Se eae Se eee 
2 Sst eS eee SS eee 


a a See a 


| torp___| Output Enable to Output Float Delay | | 190 | 

ee ee 

| CE Progam pce wen = F-Desmie_|_ is _} 

| TE Overprogram Pulse Width (Interactive) | 1.98 | 2.05 | ms _ | 

ee 
se 


US 
Data Valid from OE 


Notes: 1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 
2. When programming the Am27C256, a 0.1-uF capacitor is required across Vpp and ground to suppress spurious 
voltage transients which may damage the device. 
3. Programming characteristics are sampled but not 100% tested at worst-case conditions. 
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ADDRESSES 


DATA 


PROGRAMMING ALGORITHM WAVEFORMS (Notes 1 & 2) 


PROGRAM P anon 


H-Z 
é DATA IN STABLE ye DATA OUT VALIO > 


WF026710 


Notes: 1. The input timing reference level is 0.8 V for Vi, and 2 V for Vip. 
2. tog and tprp are characteristics of the device, but must be accommodated by the programmer. 
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Advanced 
Am27C512 Micro 
65,536 x 8-Bit CMOS EPROM Devices 


DISTINCTIVE CHARACTERISTICS 


@ Fast access time — 90 ns 
@ Low power consumption: 

- 100 wA maximum standby current 
@ Programming voltage: 12.5 V 


@ Single +5-V power supply 

@ JEDEC-approved pinout 

@ +10% power supply tolerance available 

@ Latch-up protected to 100 mA from -1 V to Voc +1 V 


GENERAL DESCRIPTION 


The Am27C512 is a 512K-bit, ultraviolet erasable program- 
mable read-only memory. It is organized as 65,536 words 
by 8 bits per word, operates from a single + 5-V supply, has 
a static standby mode, and features fast single address 
location programming. Devices are available in windowed 
ceramic DIP and LCC packages as well as plastic one time 
programmable (OTP) packages. 


Typically, any byte can be accessed in less than 90 ns, 
allowing operation with high-performance microprocessors 
without any WAIT states. The Am27C512 offers separate 
Output Enable (OE) and Chip Enable (CE) controls, thus 


eliminating bus contention in a multiple bus microprocessor 
system. 


AMD's CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power con- 
sumption is only 100 mW in active mode, and 250 pW in 
standby mode. 


All signals are TTL levels, including programming signals. 
Bit locations may be programmed singly, in blocks, or at 
random. The Am27C512 supports AMD's interactive pro- 
gramming algorithm (1-ms pulses) resulting in typical pro- 
gramming times of less than four minutes. 


BLOCK DIAGRAM 


Ao-Atg 
ADORESS 
INPUTS 


DATA OUTPUTS 
DQy-DQ7 


BD000213 


PRODUCT SELECTOR GUIDE 


Family Part No. 
Ordering Part No: 
+5% Voc Tolerance 


+10% Vcc Tolerance 


CE (E) Access (ns) 
OE (G) Access (ns) 


Am27C512 


Rev. 
08140 D /0 
Issue Date: February 1989 


CONNECTION DIAGRAMS 
Top View 


DIP 


GND 


CD011731 


LCC* 


~f { WNC (Note 2) 


™~ 


NC (Note 2) )} | 


CDOO600A 


“Also available in 32-pin rectangular plastic leaded chip carrier. 
Notes: 1. JEDEC nomenciature is in parentheses. 
2. Don't use (DU) for PLCC. 
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LOGIC SYMBOL 


LS003312 


PIN DESCRIPTION 


Address Inputs 

Chip Enable Input 

Data Inputs/Outputs 
Output Enable Input 
Vcc Supply Voltage 
Program Supply Voltage 
Ground 

No Internal Connection 
No External Connection 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 


formed by a combination of: a. Device Number 
b. Speed Option 
c. Package Type 
d. Temperature Range 


e. Optional Processing 


AM27C512 -90 


a. DEVICE NUMBER/DESCRIPTION 


Am27C512 
64K x 8-Bit CMOS UV EPROM 


Valid Combinations 


42- 
ee DC, DCB, LC, LCB 
AM27C512-95 


AM27C512-250 
AM27C5 12-300 


DC, DCB, Di, DIB, 
LC, LCB, LI, LIB 


DC, DCB, Di, DIB, 
DE, DEB, LC, LCB, 
Li, LIB, LE, LEB 


B 


ro. OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 
| = Industrial (-40 to +85°C) 
E = Extended Commercial (-55 to + 125°C) 


c. PACKAGE TYPE 
D = 28-Pin Ceramic DIP (CDV028) 
L = 32-Pin Rectangular Ceramic Leadiess Chip 
Carrier (CLV032) 


b. SPEED OPTION 
See Product Selector Guide 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released valid combinations, 
and to obtain additional data on AMD's standard military 
grade products. 


a eT SSUE SESS SOON ea Sc SSS nnn neem rn rnnnnn nn RRR RRR enema memesietenennnneennnnecamenecenmemnncneeeenemeenmecrennennanas! 
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BR aa ek a ee aT et EERE ener Se eee eee 
ORDERING INFORMATION (Cont'd.) 
OTP Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

b. Speed Option 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM27C512 155 


pa OPTIONAL PROCESSING 


Biank = Standard processing 


d. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 


c. PACKAGE TYPE 
P = 28-Pin Plastic DIP (PD 028) 
J = 32-Pin Rectangular Plastic Leaded Chip Carrier 
(PL 032) 


b. SPEED OPTION 
See Product Selector Guide 


a. DEVICE NUMBER/DESCRIPTION 
Am27C512 
64K x 8-Bit CMOS OTP EPROM 


. Valid | Valid Combinations = Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released valid combinations, 

JC, PC and to obtain additional data on AMD's standard military 
grade products. 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) 
is formed by a combination of: a. Device Number 

b. Speed Option 

c. Device Class 

d. Package Type 

e. Lead Finish 


. LEAD FINISH 
A= Hot Soider Dip 


. PACKAGE TYPE 

X = 28-Pin Ceramic DIP (CDV028) 

U = 32-Pin Rectangular Ceramic Leadiess Chip 
Carrier (CLV032) 


. DEVICE CLASS 
/B = Class B 


b. SPEED OPTION 
See Product Selector Guide 


a. DEVICE NUMBER/DESCRIPTION 
Am27C512 
64K x 8-Bit CMOS UV EPROM 


| Valid Combinations si Combinations Valid Combinations 


Valid Combinations list configurations planned to be 
| AM27C512-170 supported in volume for this device. Consult the local AMD 
ee /BXA, /BUA sales office to confirm availability of specific valid 
aires — combinations, or to check for newly released valid 


ee -300 combinations. 


Group A Tests 


Group A tests consist of Subgroups 
1, 2 a7, & 8. 1G, 44. 
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FUNCTIONAL DESCRIPTION 
Erasing the Am27C512 


In order to clear all locations of their programmed contents, it 
is necessary to expose the Am27C512 to an ultraviolet light 
source. A dosage of 15 W seconds/cm® is required to 
completely erase an Am27C512. This dosage can be obtained 
by exposure to an ultraviolet lamp — wavelength of 2537 
Angstroms (A) — with intensity of 12,000 uW/cm? for 15 to 
20 minutes. The Am27C512 should be directly under and 
about one inch from the source and all filters should be 
removed from the UV light source prior to erasure. 


It is important to note that the Am27C512, and similar devices, 
will erase with light sources having wavelengths shorter than 
4000 A. Although erasure times will be much longer than with 
UV sources at 2537A, nevertheless the exposure to fluores- 
cent light and sunlight will eventually erase the Am27C512 
and exposure to them should be prevented to realize maxi- 
mum system reliability. If used in such an environment, the 
package window should be covered by an opaque label or 
substance. 


Programming the Am27C512 


Upon delivery, or after each erasure, the Am27C512 has all 
524,288 bits in the "ONE", or HIGH state. ''ZEROs'' are 
loaded into the Am27C512 through the procedure of program- 
ming. 


The programming mode is entered when 12.5 +0.5 V is 
applied to the OE/Vpp pin, and CE is at Vj,. 


For programming, the data to be programmed is applied 8 bits 
in parallel to the data output pins. 


The flowchart in Figure 1 shows AMD's interactive algorithm. 
Interactive algorithm reduces programming time by using short 
programming pulses and giving each address only as many 
pulses as is necessary in order to reliably program the data. 
After each pulse is applied to a given address, the data in that 
address is verified. If the data does not verify, additional 
pulses are given until it verifies or the maximum is reached. 
This process is repeated while sequencing through each 
address of the Am27C512. This part of the algorithm is done 
at Vcc = 6.0 V to assure that each EPROM bit is programmed 
to a sufficiently high threshold voltage. After the interactive 
programming is completed, an overprogram pulse is given to 
each memory location; this ensures that all bits have sufficient 
margin. After the final address is completed, the entire 
EPROM memory is verified at Voc =5 V + 5%. 


Program Inhibit 


Programming of multiple Am27C512s in parallel with different 
data is also easily accomplished. Except for CE, all like inputs 
of the parallel Am27C512 including OE/Vpp may be common. 
A TTL low-level program pulse applied to an Am27C512 CE 
input with OE/Vpp = 12.5 + 0.5 V will program that 
Am27C512. A high-level CE input inhibits the other 
Am27C512s from being programmed. 


Program Verify 


A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The verify 
should be performed with OE/Vpp and CE at Vj. Data should 
be verified tpy after the falling edge of CE. 


Auto Select Mode 


The auto select mode allows the reading out of a binary code 
from an EPROM that will identify its manufacturer and type. 


This mode is intended for use by programming equipment for 
the purpose of automatically matching the device to be 
programmed with its corresponding programming algorithm. 
This mode is functional in the 25°C + 5°C ambient tempera- 
ture range that is required when programming the Am27C512. 


To activate this mode, the programming equipment must force 
12.0 + 0.5 V on address line Ag of the Am27C512. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address line Ap from Vi, to Vy. All other 
address lines must be held at Vj, during auto select mode. 


Byte 0 (Ao = Vi.) represents the manufacturer code, and byte 
1 (Ag = Vip), the device identifier code. For the Am27C512, 
these two identifier bytes are given in the Mode Selector table. 
All identifiers for manufacturer and device codes will possess 
odd parity, with the MSB (DQ7) defined as the parity bit. 


Read Mode 


The Am27C512 has two control functions, both of which must 
be logically satisfied in order to obtain data at the outputs. 
Chip Enable (CE) is the power control and should be used for 
device selection. Output Enable (OE) is the output contro! and 
should be used to gate data to the output pins, independent of 
device selection. Assuming that addresses are stable, address 
access time (tacc) is equal to the delay from CE to output 
(toe). Data is available at the outputs tog after the falling edge 
of OE, assuming that CE has been LOW and addresses have 
been stable for at least tacc -toe. 


Standby Mode 


The Am27C512 has a CMOS standby mode which reduces 
the maximum Vcc current to 100 wA. It is placed in CMOS- 
standby when CE is at Vcc + 0.3 V. The Am27C512 also has a 
TTL-standby mode which reduces the maximum Vcc current 
to 1.0 mA. It is placed in TTL-standby when CE is at Vj. When 
in standby mode, the outputs are in a high-impedance state, 
independent of the OE input. 


Output OR-Tieing 


To accomodate multiple memory connections, a two-line 
control function is provided to allow for: 


1. Low memory power dissipation, and 
2. Assurance that output bus contention will not occur. 


It is recommended that CE be decoded and used as the 
primary device-selecting function, while OE/Vpp be made a 
common connection to all devices in the array and connected 
to the READ line from the system control bus. This assures 
that all deselected memory devices are in their low-power 
standby mode and that the output pins are only active when 
data is desired from a particular memory device. 


System Applications 


During the switch between active and standby conditions, 
transient current peaks are produced on the rising and falling 
edges of Chip Enable. The magnitude of these transient 
current peaks is dependent on the output capacitance loading 
of the device. At a minimum, a 0.1-uF ceramic capacitor (high 
frequency, low inherent inductance) should be used on each 
device between Vcc and GND to minimize transient effects. In 
addition, to overcome the voltage drop caused by the induc- 
tive effects of the printed circuit board traces on EPROM 
arrays, a 4.7-uF bulk electrolytic capacitor should be used 
between Vcc and GND for each eight devices. The location of 
the capacitor should be close to where the power supply is 
connected to the array. 
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MODE SELECT TABLE 


gags Ge: 


Read 


Provan 


(Note 3) | Device Code 


Notes: 1. X can be either Vi, or Vip 
2.VH=120V+05 V 
3. Ay -Ag = Aio-Ai15 = Vit 
4. See DC Programming characteristics for Vpp voltage during programming. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature: 


COT COWGUS 5 Foo snccs ci asben vik isase cee -65 to 125°C 

All otter GeViCO@S ..3. ai aa ee -—65 to 150°C 
Ambient Temperature 

with Power Applied ....................0se0eee -55 to +125°C 


Voltage with Respect to Ground: 
All pins except Ag, Vpp, and 


5 fe Bae AR Sy Oe ee A EE OIE -0.6 to Vcc +0.5 V 
Re ONG VO6 eee iicsici tisis eis -0.6 to 13.5 V 
5 fay RE SR PR pr a aE ME -0.6 to 7.0 V 


Stresses above those listed under "Absolute Maximum Rat- 
ings'’ may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the operation- 
al sections of this specification is not implied. Exposure of the 


at semana epee se a SE ee SL tee SS 


OPERATING RANGES 


Commercial (C) Devices 


Case Temperature (TC) ..............ecceeeeeeeee 0 to +70°C 
Industrial (1) Devices 

Case Temperature (Tc) .............:cccceeee es -40 to +85°C 
Extended Commercial (E) Devices 

Case Temperature (Tc).................605 -55 to +125°C 
Military (M) Devices 

Case Temperature (Tc).................0.5- -55 to +125°C 
Supply Read Voltages: 

Voc for Am27C512-XX5 ................. +4.75 to +5.25 V 

Voc for Am27C512-XX0 ...............5: +450 to +5.50 V 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


device to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Notes: 1. Minimum DC voltage on input or I/O is —-0.5 V. 
During transitions, the inputs may undershoot GND 
to -2.0 V for periods of up to 20 ns. Maximum DC 
voltage on input and I/O is Vcc +0.5 V which may 
overshoot to Vcc +2.0 V for periods up to 20 ns. 


2. For Ag and Vpp the minimum DC input is -0.5 V. 
During transitions, Ag and Vpp may undershoot GND 
to -2.0 V for periods of up to 20 ns. Ag and Vpp must 
not exceed 13.5 V for any period of time. 


DC CHARACTERISTICS over operating range unless otherwise specified (Notes 1, 4, 5 & 7) 


TTL and NMOS Inputs 


[mst [Semis [sence om [ome | oe 
Symbol Description Test Conditions 

[Von | Output HIGH Voltage «| lon=-400nA CTC | TCC 
oes Ee ee ee ee es 
ee ee 
[Vu | Input LOW Voltage | [0a [+08 


C/I Devices 
ly Input Load Current Vin =0 V to Voc ; ap 
E/M Devices | (| 50 
C/| Devices 10 
ILO Output Leakage Current Vout = 90 V to Voc - ae 


rt 


i / 
Voc Active f= 10 MHz, C/! Devices - 
CC1 Current (Note 5 & 8) louT =0 mA 
(Open Outputs) E/M Devices 


oe} 
[om pete 


Voc Standby Current CE = Vin, 


CMOS Inputs 


ee 
Symbol Description Test Conditions 

[Von | Output HIGH Votigge «| iou=-400uA | | 
No | Gut OW vie geet 
ees ee ee eS 
a reve 


C/i Devices 
= fat Lae Wane cots Soares tie eee 
EM Deaces = js] = 80 
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DC CHARACTERISTICS over operating range unless otherwise specified (Cont'd.) 
CMOS Inputs : 


Parameter Parameter 
Symbol Description Test Conditions 
C/| Devices 10 
ILO Output Leakage Current Vout =9 V to Vcc ee yA 
Fi Se ees ae eee 


CE = VIL, 
loc1 Voc Active f=10 MHz, 
Current (Note 5 & 8) lout = 0 mA | 
(Open Outputs) E/M Devices 


a Voc Standby Current CE =Vcc + 0.3 V C/I Devices ee ae uA 
(Note 8) e ei-Cerces | | 100 | 


CAPACITANCE (Notes 2, 3, & 6) 


= 
Symbol Description Test Conditions Typ. 

es oe a ees eee ee 
[Gn | OENer int Capactance | WieoV | | 
SS ee eee ee ee 
E et  OmhGemes | Von-0¥ tT tp 


Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 

. Typical values are for nominal supply voltages. 

. This parameter is only sampled and not 100% tested. 

. Caution: The Am27C512 must not be removed from, or inserted into, a socket or board when Vpp or Vcc is applied. 

. loci is tested with OE = Vy to simulate open outputs. 

. Ta = 25°C, f = 1 MHz. 

. Minimum DC input voltage is -0.5 V. During transitions, the inputs may undershoot to -2.0 V for periods less than 20 ns. 
Maximum DC voltage on output pins is Vcc +0.5 V which may overshoot to Vcc +2.0 V for periods less than 20 ns. 

. For Am27C512-305DC Icc; = 50 mA, Icce (TTL) = 5 mA, Icce (CMOS) = 500 vA maximum. 


C/| Devices 


@ NOOR WP 


SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified (Notes 1, 3, & 4) 
Parameter 


-90, -170, 
JEDEC | Standard Description Test Conditions aoe es SS 
Address to Output 
Delay z CE = OE/Vep = Vit 
Chip Enable to 
Saas Delay OE/Vpp = Vi 
Output Enable to 
toF 


Output Enable 
HIGH to Output 
Float 

(Note 2) 


Output Hold from 
Addresses, CE, or 
OE, whichever 
occurred first 
Notes: 1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 
2. This parameter is only sampled and not 100% tested. 
3. Caution: The Am27C512 must not be removed from, or inserted into, a socket or board when Vpp or Vcc is applied. 
4. Output Load: 1 TTL gate and C, = 100 pF, Input Rise and Fall Times: 20 ns, Input Pulse Levels: 0.45 to 2.4 V, Timing Measurement 
Reference Level -— Inputs: 0.8 V and 2 V : 
Outputs: 0.8 V and 2 V 


tELaV 


taxOx 
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SWITCHING TEST CIRCUIT 


DEVICE 2.7 kQ 
UNDER 0+5 V 
TEST 


DIODES = IN3064 
OR EQUIVALENT 


TC003193 
Cy = 100 pF including jig capacitance 


SWITCHING TEST WAVEFORM 


24V 
2.0V 2.0V 
> TEST POINTS e 
08V 0.8V 
045 V 
INPUT OUTPUT 
WF009502 


AC Testing: Inputs are driven at 2.4 V for a logic ''1'' and 0.45 V for a logic ''0'’. Input pulse rise and fall 
times are <20 ns. 
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SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORMS 


2.4 

2.0 

ADDRESSES 4 _—, 

0.8 
0.45 
CE 

'cE 
ey 
'OE 
(NOTE 1) 
tacc 
(NOTE 1) 

OUTPUT 


WAVEFORM 


INPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROM H TOL 


MAY CHANGE 
FROML TOH 


DON’T CARE; 
ANY CHANGE 
PERMITTED 


DOES NOT 
APPLY 


OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


WILL BE 
CHANGING 
FROML TOH 


CHANGING; 
STATE 
UNKNOWN 


CENTER 
LINE IS HIGH 
IMPEDANCE 
“OFF” STATE 


KS000010 


WA 


WF001323 
Notes: 1. OE may be delayed up to tacc-tog after the falling edge of CE without impact on tacc. 
2. tor is specified from OE or CE, whichever occurs first. 


eS 
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ADDRESS = FIRST LOCATION 
Voc = 60 V 
Vpp = 125 V 


INTERACTIVE 
SECTION 
INCREMENT ADDRESS VERIFY BYTE 
? 
FAIL 
ADDRESS = FIRST LOCATION 
Voc = 50 V 
Vpp = 125 V 
OVERPROGRAM 
SECTION 


Voc = 5.0 V +5% 
VERIFY SECTION 


VERIFY ALL BYTES DEVICE FAILED 
? 
PASS 
DEVICE PASSED 
PF002841 


Figure 1. Interactive Programming Flow Chart 
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INTERACTIVE ALGORITHM 
DC PROGRAMMING CHARACTERISTICS (Ta = +25°C +5°C) (Notes 1, 2, & 3). 


oe 
Symbol Description Test Conditions 
[| Input Curent (At inputs) «| VV «| S100 «| 
P vu | Input LOw Level arints) S| SSC«d Cts | TC 
ae oe Sa eee 
F Vor | Output LOW Voltage Duing Verty | l=2ima «| —s| sas] 
ng Ver Eee 
Pn _| 


OL 
toca | Vor SivoW Curent Progam vey) [| ———SC~—~wSCSC“‘*‘“rSC* 
tee | Vow Suply Curent rowramy | CE=Vu, O&ee=Ver | | _o0 | ma 
Pmsracve Supp Votage ——SSCdTSSSCS*~S~*~*~dtCi Cn 
Se 


Interactive Programming Voltage 


Parameter 
Description 


este 
iette 


Data Setup Time 


oe : 
eo ae er eee 
ee ees Se 
[—tewaz | tor | Chip Enaie to Output Fost Deny ——=SSSC~SCiSiY 
se ee ee 
[CE ina Program Puse Wish ——SSSSCSC*Ct || 
E 


AS 
AH 
DH 
We i 
[—teveie | topw | GE Overprogram Pulse with |= —«| 205 | me 
tov 
tvR 


ae Se eee 
Pees See eee ee 
oe | ene 

are ee 


Notes: 1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 
2. When programming the Am27C512, a 0.1-uF capacitor is required across Vpp and ground to suppress spurious 
voltage transients which may damage the device. 
3. Programming characteristics are sampled but not 100% tested at worst-case conditions. 


OE/Vpp Recovery Time 
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INTERACTIVE PROGRAMMING ALGORITHM WAVEFORMS (Notes 1 & 2) 


Vet 


ADDRESSES 
Van 


PROGRAM 


PROGRAM 
VERIFY 


WF021992 


Notes: 1. The input timing reference level is 0.8 V for Vi, and 2 V for Vip. 
2. tog and tprp are characteristics of the device, but must be accommodated by the programmer. 
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Advanced 
Am27C010 Micro 
1 Megabit (131,072 x 8-Bit) CMOS EPROM Devices 


DISTINCTIVE CHARACTERISTICS 
Compact 32-pin DIP package requires no hardware 


¢ Easy upgrade from 28-pin JEDEC EPROMs . 


¢ Fast access time 
—100ns 


¢ Low power consumption 
— 100 nA maximum standby current 


¢ Programming voltage: 12.5 V 


* Single + 5-V power supply 


change for upgrades to 8 megabits 
JEDEC-approved pinout 

+ 10% power supply tolerance available 
One-Time Programmable (OTP) Flashrite™ 
programming 


Latch-up protected to 100 mA from —-1 V to 
Veco t1V 


GENERAL DESCRIPTION 


The Am27C010 is a 1 megabit ultraviolet erasable pro- 
-grammable read-only memory. It is organized as 128K 
words by 8 bits per word, operates from a single + 5-V 
supply, has a static standby mode, and features fast single 
address location programming. Products are available in 
windowed ceramic DIP and LCC packages as well as 
plastic one time programmable (OTP) packages. 


Typically, any byte can be accessed in less than 100 ns, 
allowing operation with high-performance microproces- 
sors without any WAIT states. The Am27C010 offers 
seperate Output Enable (OE) and Chip Enable (CE) con- 
trols, thus eliminating bus contention in a multiple bus 


microprocessor system. 


AMD’s CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power 
consumption is only 100 mW in active mode, and 250 n.W 
in standby mode. 


All signals are TTL levels, including programming signals. 
Bit locations may be programmed singly, in blocks, or at 
random. The Am27C010 supports AMD’s interactive pro- 
gramming algorithm (0.5 ms pulses) resulting in typical 
programming times of less than two minutes. 


BLOCK DIAGRAM 
6» Ven DATA OUTPUTS 
O—> GND 9 PQ7 
Oo: Vpp 


OE OUTPUT ENABLE 
cE CHIP ENABLE 
FGM AND 


PROG LOGIC 


J ex 
BUFFERS 


cies 
. + 
ADSRESS es 
=e X 1,048,576-BIT 
DECODER Pa CELL MATRIX 
PRODUCT SELECTOR GUIDE 


Family Part No. 


Ordering Part No: 
Veg £5% 
Vig & 10% 


CE (E) Access Time (ns) 
OE (G) Access Time (ns) 


Flashrite is a trademark of Advanced Micro Devices Inc. 


Am27C010 


10205 B 
Issue Date: January 1989 


/0 
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CONNECTION DIAGRAMS 


DIP 


oe 


2 
3 
4 
§ 
6 
7 
8 
9 


Notes: 1. JEDEC nomenclature is in parentheses. 


Top View LCC* 


Voc 
TT PGM (P) 


© 
—_ 


A7 A14 

Ag A13 

As Ag 

A, Ag 

‘ Any 

A> OE (G) 

A, Aig 

Ao CE (E) 
DQ, DQ7 


6. VF 16. 18 


* Also available in 32-pin rectangular plastic leaded chip carrier 


2. The 32-Pin DIP to 32-Pin LCC configuration varies from 
the JEDEC 28-Pin DIP to 32-Pin LCC configuration. 


LOGIC SYMBOL 


10205A-002A 


Pin Description 


AA 
CE (E) 
DQ -Da 
OE (G) 
PGM (P) 
Veco 
Vep 
GND 
NC 
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Address Inputs 

Chip Enable Input 

Data Input/Outputs 
Output Enable Input 
Program Enable Input 
Voc Supply Voltage 
Program Supply Voltage 
Ground 

No Internal Connect 
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ORDERING INFORMATION 
Standard Information 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combinat 
is formed by a combination of: a. Device Number 

b. Speed Option 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM27C010_ ~—s_ - 100 Dc 8B 


l 


. OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 


d. TEMPERATURE RANGE 


C = Commercial (0 to +70°C) 
| = Industrial (-40 to +85°C) 
E = Extended Commerical (-55 to +125°C) 


c. PACKAGE TYPE 


D = 32-Pin Ceramic DIP (CDV032) 
L = 32-Pin Rectangular Ceramic Leadiess 
Chip Carrier (CLV032) 
b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 
a. DEVICE NUMBER/DESCRIPTION 
Am27C010 
1 Megabit (128K x 8) CMOS UV EPROM 
Valid Combinations 
AM27C010-100 DC, DCB 
AM27C010-105 : 
AM27C010-120 Valid Combinations 


AM27C010-125 ; ee : ; 

Valid Combinations list configurations planned 
AM270010-155 to be supported in volume for this device. Consult 
AM27C010-175 L the local AMD sales office to confirm availability of 
AM27C010-205 specific valid combinations, to check on newly 
AM27G010-255 released combinations, and to obtain additional 
AM27C010-305 data on AMD's standard military grade products. 


AM27C010-170 DC, DCB, DE, 
AM27C010-200 DEB, Di, DIB, LC, 
AM27C010-250 LCB, Li, LIB, LE, LEB 
AM27C0 10-300 
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ORDERING INFORMATION (Cont’d.) 
OTP Products (Preliminary) 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) 
is formed by a combination of: a, Device Number 

b. Speed Option 

c. Package Type 

d. Temperature Range 

®. Optional Processing 


ae @. OPTIONAL PROCESSING 


Blank = Standard processing 


AM27C010_ —s_ -170 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 


c. PACKAGE TYPE 


P = 32-Pin Plastic DIP (PD 032") 
J = 32-Pin Rectangular Plastic Leaded Chip Carrier (PL 032) 


b. SPEED OPTION 


See Product Selector Guide and 
Valid Combinations 
a. DEVICE NUMBER/DESCRIPTION 
Am27C010 
1 Megabit (128K x 8) CMOS OTP EPROM 
Valid Combinations 
AM27C010-170 Valid Combinations 


AM27C010-175 


Valid Combinations list configurations planned 


eke to be supported in volume for this device. Consult 
| AM270010-205 | pc, Jc the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly 
| AM27C010-255 | released combinations, and to obtain additional 
data on AMD's standard military grade products. 


*Package in Development; consult NVD Product 
Marketing for information. 
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ORDERING INFORMATION (Cont’d.) 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) is formed 
by a combination of: a. Device Number 

b. Speed Option 

c. Device Class 

d. Package Type 

e. Lead Finish 


AM27C010 -170 IB X 


A 
ie e. LEAD FINISH 


A = Hot Solder Dip 


d. PACKAGE TYPE 


X = 32-Pin Ceramic DIP (CDV032) 
U = 32-Pin Rectangular Ceramic Leadiess Chip Carrier (CLV032) 


c. DEVICE CLASS 
/B = Class B 


b. SPEED OPTION 


See Product Selector Guide and 
Valid Combinations 
a. DEVICE NUMBER/DESCRIPTION 
Am27C010 
1 Megabit (128K x 8) CMOS UV EPROM 
Valid Combinations 


Valid Combinations 
AM27C010-170 


Valid Combinations list configurations planned 
to be supported in volume for this device. Consult 


the local AMD sales office to confirm availability 
ayers ea (BXA, (BUA of specific valid combinations or to check for 
AM27C010-300 newly released valid combinations. 


Group A Tests 
For other Surface Mount Group A tests consist of Subgroups 


Package options, contact 1, 2, 3, 7, 8, 9, 10, 11. 
NVD Military Marketing. 
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FUNCTIONAL DESCRIPTION 
Erasing the Am27C010 


in order to clear all locations of their programmed contents, it 
is necessary to expose the Am27C010 to an ultraviolet light 
source. A dosage of 15 W seconds/cm? is required to 
completely erase an Am27C010. This dosage can be ob- 
tained by exposure to an ultraviolet lamp—wavelength of 
2537 Angstroms (A)—with intensity of 12,060 pW/cm? for 15 
to 20 minutes. The Am27C010 should be directly under and 
about one inch from the source and all filters should be 
removed from the UV light source prior to erasure. 


It is important to note that the Am27C010, and similar devices, 
will erase with light sources having wavelengths shorter than 
4000 A. Although erasure times will be much longer than with 
UV sources at 2537 A, nevertheless the exposure to fluores- 
cent light and sunlight will eventually erase the Am27C010 
and exposure to them should be prevented to realize maxi- 
mum system reliability. If used in such an environment, the 
package window should be covered by an opaque label or 
substance. 


Programming the Am27C010 


Upon delivery, or after each erasure, the Am27C010 has all 
1,048,576 bits in the “ONE”, or HIGH state. “ZEROs” are 
loaded into the Am27C010 through the procedure of program- 


ming. 


The programming mode is entered when 12.5 + 0.5 V is 
applied to the V,,, pin, CE and PGMis at V,,, and OE is at V,,.. 


For programming, the data to be programmed is applied 8 bits 
in parallel to the data output pins. 


The flowchart Figure 1 shows AMD’s interactive algorithm. 
Interactive algorithm reduces programming time by using 
short programming pulses and giving each address only as 
many pulses as is necessary in order to reliably program the 
data. After each pulse is applied to a given address, the data 
in that address is verified. If the data does not verify, additional 
pulses are given until it verifies or the maximum is reached. 
This process is repeated while sequencing through each 

ddress of the Am27C010. This part of the algorithm is done 
at V., = 6.0 V to assure that each EPROM bit is programmed 
to a sufficiently high threshold voltage. After the interactive 
programming is completed, an overprogram pulse is given to 
each memory location; this ensures that all bits have sufficient 
margin. After the final address is completed, the entire 
EPROM memory is verified at V., = 5 V+ 5%. 


Fiashrite 


The OTP EPROM Fiashrite programming algorithm (shown in 
Figure 2) reduces programming time by using initial 100 ps 
pulses followed by a byte verification to determine whether the 
byte has been successfully programmed. If the data does not 
verify, an additional pulse is applied for a maximum of 25 
pulses. This process is repeated while sequencing through 
each address of the OTP EPROM. 


The Flashrite programming algorithm programs and verifies 
at V., = 6.25 V and V,,, = 12.75 V. After the final address is 
completed, all bytes are compared to the original data with V,, 
= Vip = 5.25 V. 


Program Inhibit 


Programming of multiple Am27C010 in parallel with different 
data is also easily accomplished. Except for CE, all like inputs 
of the parallel Am27C010 may be common. A TTL low-level 
program pulse applied to an Am27C010 CE input with V,,, = 
12.5 + 0.5 V, PGM is LOW, and OE HIGH will program that 
Am27C010. A high-level CE input inhibits the other 
Am27C010 from being programmed. 


Program Verify 


A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The verify 
should be performed with OE and CE at V,,, PGM at V,,,, and 
Vpp between 12.0 V to 13.0 V. 


Auto Select Mode 


The auto select mode allows the reading out of a binary code 
from an EPROM that will identify its manufacturer and type. 
This mode is intended for use by programming equipment for 
the purpose of automatically matching the device to be pro- 
grammed with its corresponding programming algorithm. 
This mode is functional inthe 25°C +5°C ambient temperature 
range that is required when programming the Am27C010. 


To activate this mode, the programming equipment must 
force 12.0 + 0.5 V on address line A, of the Am27C010. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address line A, from V,, to V,,,. All other 
address lines must be held at V,, during auto select mode. 


Byte 0 (A, = V,,) represents the manufacturer code, and byte 
1(A, = V,,,), the device identifier code. For the Am27C010, 
these two identifier bytes are given in the Mode Select table. 
All identifiers for manufacturer and device codes will possess 
odd parity, with the MSB (DQ,) defined as the parity bit. 


Read Mode 


The Am27C010 has two control functions, both of which must 

be logically satisfied in order to obtain data at the outputs. 

Chip Enable (CE) is the power control and should be used for 
device selection. Output Enable (OE) is the output control and 
should be used to gate data to the output pins, independent of 

device selection. Assuming that addresses are stable, ad- 

dress access time (t,...) is equal to the delay from CE to output 

(t,.). Datais available at the outputs t,, after the falling edge 

of OE, assuming that CE has been LOW and addresses have 

been stable for at least t,. — to,. 


Standby Mode 


The Am27C010 has a CMOS standby mode which reduces 
the maximum V,.. current to 100 pA. It is placed in CMOS- 
standby when CE is at Vo¢ 0.3 V. The Am27C010 also has 
a TTL-standby mode which reduces the maximum V,,,, current 
to 1.0 mA. Itis placed in TTL-standby when CE is at V,,,. When 
in standby mode, the outputs are in a high-impedance state, 
independent of the OE input. 


Output OR-Tieing 


To accommodate multiple memory connections, a two-line 
control function is provided to allow for: 

1. Low memory power dissipation, and 

2. Assurance that output bus contention will not occur. 


Am27C010 


It is recommended that CE be decoded and used as the 
primary device-selecting function, while OE be made a com- 
mon connection to all devices in the array and connected to 
the READ line from the system control bus. This assures that 
all deselected memory devices are in their low-power standby 
mode and that the output pins are only active when data is 
desired from a particular memory device. 


System Applications 


During the switch between active and standby conditions, 
transient current peaks are produced on the rising and falling 


edges of Chip Enable. The magnitude of these transient 
current peaks is dependent on the output capacitance loading 
of the device. Ata minimum, a0.1-uF ceramic capacitor (high 
frequency, low inherent inductance) should be used on each 
device between V,,. and GND to minimize transient effects. In 
addition, to overcome the voltage drop caused by the induc- 
tive effects of the printed circuit board traces on EPROM 
arrays, a 4.7-uF bulk electrolytic capacitor should be used 
between V_.,,. and GND for each eight devices. The location 
of the capacitor should be close to where the power supply is 
connected to the array. 


MODE SELECT TABLE 


=e a a Ta 


1 OS 
aC 


=x 


= 12.0V+0.5V 

2. X = Either V,orV,, 
3. A,-A, =A,,-A,,=V, 
4. See DC Programming Characteristics for V,,, voltage during programming. 


Notes: 1. V, 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 


OEP BINGE siiicicicdcssescsiemnane —65 to 125°C 

All OUNSE DIQGUCNS ois iiisciissaistiv cies -—65 to 150°C 
Ambient Temperature 

with Power Applied ................e:cccsesseeesenee —55 to +125°C 


Voltage with Respect to Ground: 
All pins except A,, V,,, and 


M igs “sa cudesatzmcanet burnin tatteassessidiieas doen -0.6 to V,, +0.5 V 
Pig COME op, esissstciasenrsratasesystiocrioannnsenseasiotes —0.6 to 13.5 
V —0.6 to 7.0 V 


Stresses above those listed under “Absolute Maximum Rat- 
ings” may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Exposure of 
the device to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


Notes: 1. Minimum DC voltage on input or I/O is -0.5 V. 
During transitions, the inputs may undershoot 
GND to-2.0 V for periods of upto 20 ns. Maximum 
DC voltage on input and I/O is V,,, +0.5 V which 
may overshoot to V., +2.0 V for periods up to 20 


ns. 
2. For A, and V,, the minimum DC input is -0.5 V. 
During transitions, A, and V,, may undershoot 
GND to —2.0 V for periods of up to 20 ns. A, and 
Vep Must not exceed 13.5 V for any period of time. 


OPERATING RANGES 


Commercial (C) Devices 


Case Temperature (T.,) .......cerccssescerserseessees 0 to +70°C 
Industrial (I) Devices 
Case Temperature (1,) .....csccscscsseecseeeeeers —40 to +85°C 
Extended Commercial (E) Devices 
Case Temperature (T.,)......cccssccseeseresesnees —55 to +125°C 
Military (M) Devices 
Case Temperature (T,,) .......c.ssccceseeserenees —55 to +125°C 
Supply Read Voltages: 
Voc for AM27CO10-XX5B .........seeeeee +4.75 to + 5.25 V 
Voc for AM27C010-XXO.........eeeeeees +4,50 to +5.50 V 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified. (Notes 1, 4, 5, & 8) 
(for APL Products, Group A, Subgroups 1, 2, 3, 7, and 8 are tested unless otherwise noted) 


TTL and NMOS Inputs 


Parameter Parameter 
— pene ro ge — Conditions 


EN, Outpel HIGH Output HIGH Voltage 


Input LOW Voltage 


Vie 
= Input Load Current 


CE =V,,f=5 MHz 


IL? 
=OmA 


Vo Active Current (Notes 5&9) | | 


V,p Current During Read 
(Notes 6 & 9) 


= — 400 Be 


+ 0.8 


cones [as 


ie k 


Viy=OVto+V., pemDeviees | | 10 | 


C/l Devices ee eae 
| empeviees | | _to | © 
a a 


ce (Spon Outputs) | EMDevices | | eo | 
| Gapevices | | 10 
V., Standby Current (Note 9) CE =V,,, 
ee 
CE = OE = V,, Vap 


: a 
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DC CHARACTERISTICS (cont,) 


CMOS Inputs 
Parameter Parameter 
a Description Test Conditions 
Mee | Olga HIGH Voltage Se = — 400 pA 


A OS Geena Ma 
Sn PC 
— 


ee foe. | ipo None | -03 | +08 


C/I Devices 
osha Gone oo ee 
ce a 
Lo Output Leakage Current Vout = 0 V to + Veg ee 
femoere || 10 | * 


Vo, Active Current (Notes 5&9) | |,.,,=0 ae 


eee fe 


es So ae 
ce Standby Current (Note 9) CE =V,,+ 0.3 V 
a |? 


Vp Current During Read CE = OE = V,., Vop = Veco 
(Notes 6 & 9) pA 


Capacitance (Notes 2, 3, and 7) 


Parameter Parameter Test CDV032 CLV032 
sronal | _Desaron | condone [yk | Mec | te | 
Owns Address 
ae ag oie Capacitance ee =0V pF 


Notes: 


1. V,, must be applied simultaneously or before V,., and removed simultaneously or after V,.. 

2. Typical values are for nominal supply voltages. 

3. This parameter is only sampled, not 100% tested. 

4. Caution: the Am27C010 must not be removed from (or inserted into) a socket when V,,, or V,, is applied. 
5. Ic, is tested with OE = V,,, to simulate open outputs. 

6. Maximum active power usage is the sum of |, and |... 

7. T, = +25°C, f = 1 MHz. 

8 


A 
. Minimum DC Input Voltage is -0.5 V. During transitions, the inputs undershoot to —2.0 V for periods less than 


20 ns. Maximum DC Voltage on output pins is V,, +0.5 V which may overshoot to V,, +2.0 V for periods 
less than 20 ns. 
9. For Am27C010-305 |,,, = 50 mA, |... (TTL) = 5 mA, |,,, (CMOS) = 1 mA, and |,,, = 1 mA. 


-— =.=.—.—“<C<(<:;<+mz.ésé«é#é#zésztéziss+ét#tl.U...l.....ll. kk F.C 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified (Notes 1, 3, & 4) 
(for APL Products, Group A, Subgroups 9, 10, and 11 are specified unless otherwise noted) 


Parameter Am27C010 
Symbols 


Parameter Test 
| JEDEC |Standard Description Conditions 


Address to Output Delay 
OE = Vie 
CE = Vie 


Chip Enable to Output 


t E 


Output Enable to 
Output Delay 


. Chip Enable HIGH or 
hag Output Enable HIGH, 
(Note 2) | Whichever Comes 
First, to Output Float /Max.| 50 | 50 


Output Hold from 
Addresses, CE, or OE, 
Whichever Occured First 


. Vo¢_ must be applied simultaneously or before V,,, 
. This parameter is only sampled, not 100% tested. 
. Caution: The Am27C010 must not be removed from (or inserted into) a socket or board when y.. or V__ is applied. 
. Output Load: 1 TTL gate and C, = 100 pF 

Input Rise and Fall Times: 20 ns 

Input Pulse Levels: 0.45 to 2.4 V 

Timing Measurement Reference Level — Inputs: 0.8 to 2.0 V 

Outputs: 0.8 to 2.0V 


and removed simultaneously or after V.,,. 


& WN — 


SWITCHING TEST CIRCUIT SWITCHING TEST WAVEFORM 


DEVICE 2.4V 20 2.0V 
UNDER 5V > TEST POINTS & 
ac 0.8V 0.8V 
INPUT OUTPUT 


DIODES = IN3064 
OR EQUIVALENT 


AC Testing: Inputs are driven at 2.4 V for a logic "1" and 0.45 V for a logic “0”. 
Input pulse rise and fall times are < 20 ns. 


Cy = 100 pF including jig capacitance. 


10205A-004A 10205B-009A 
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SWITCHING WAVEFORMS 


KEY TO SWITCHING WAVEFORMS 


INPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROMH TOL 


MAY CHANGE 
FROML TOH 


KS000010 
24 essay oe 
2.0 
ADDRESSES ‘Bee ADDRESSES VALID 
0.8 08 
0.45 ---- 
CE eee 
‘cE 
OE _—e Ee = = 
‘DF 
log (NOTE 2) 
tacc 'oH 
(NOTE 1) 
OUTPUT HIGH H{-<--4 VALID OUTPUT aioe 
Notes: 1. OE may be delayed up tot acc -tog _ after the falling edge of CE without impact on t acc. 
2. tpg is specified from OE or CE, whichever occurs first. 
10205A-005A 
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PROGRAMMING FLOW CHARTS 


| Voc =6.0V 
Vpp =125 
| X=0 


INTERACTIVE 
SECTION vee 
NO 
PASS 
INCREMENT ADDRESS nines HF 
2 
FAIL 
ADDRESS = FIRST LOCATION 
“cc 
Vpp =125 
OVERPROGRAM 
SECTION 
PROGRAM ONE 1 ms PULSE 
INCREMENT ADDRESS fra 
2 
VERIFY 
SECTION 


DEVICE FAILED 


? 
PASS 
DEVICE PASSED 


Figure 1. Interactive Programming Flow Chart 


10205B-007A 
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Vpp = 12.75 
ES ee 
PROGRAM ONE 100 us PULSE 


INTERACTIVE 
SECTION 


INCREMENT ADDRESS 


VERIFY 
SECTION 


PASS 
DEVICE PASSED 


Figure 2. Flashrite Programming Flow Chart for OTP EPROM 


DEVICE FAILED 


10205B-008A 


2 en neem Emma 
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DC PROGRAMMING CHARACTERISTICS (T, = +25°C + 5°C) (Notes 1, 2, & 3) 


a ees 

Symbol Description Test Conditions Unit 
P| hoalowieeiiatinas) | «8 | | 
a 
tee | Me Snav orem Progam aver) 
be | Von Sippi Curent Program) | OE Vy OE=Vy 
Mer | tact Spots | 
Me | ce Pewee vatee | 
a 
[Yon | Fastening votes | 


“I 
oO 


SWITCHING PROGRAMMING CHARACTERISTICS (T, = +25°C + 5°C) (Notes 1, 2, and 3) 


Parameter 
Symbols 


JEDEC | Standard 


Parameter Description 


cs ee 
ie | eee ee 
el. eee 
— 
—— 


EI EIlLE 
O| oO} on | o 


” 


Data Hold Time 
Output Enable to Output Float Delay 


= 
—o 40 ae 


Notes: 1. V., must be applied simultaneously or before V,,,, and removed simultaneously or after V,,. 


2. When programming the Am27C010, a 0.1-u.F capacitor is required across V,,, and ground to suppress spurious 
voltage transients which may damage the device. 


3. Programming characteristics are sampled but not 100% tested at worst-case condtions. 


3 
o 


” 


Ba 
77) 


o 
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INTERACTIVE and FLASHRITE PROGRAMMING ALGORITHM WAVEFORM (Notes 1 and 2) 


PROGRAM PROGRAM VERIFY 


span Ce, CURB eis ates r 


‘as Hi-Z iam aaa 


DATA 4 DATA IN STABLE ) Po DATA OUT VALID J} 
eet Ser 
DF 
Yo ee eae P 


V 
Voor! Ves 


Notes: 1. The input timing reference level is 0.8 V for a Vj, and 2 V fora Vin - 
2. tog and tprp are characteristics of the device but must be accommodated by the programmer.  10205A-006A 
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Am27C1024 Advanced 
1 Megabit (65,536 x 16-Bit) CMOS EPROM Devices 


DISTINCTIVE CHARACTERISTICS 


@ First EPROM offering 16 inputs and outputs 
@ Fast access time — 100 ns 
@ Low power consumption: 
- 200 wA maximum standby current 
@ Programming voltage: 12.5 V 
@ Single +5-V power supply 


@ JEDEC-approved 40-pin DIP and 44-pad LCC pinouts 

@ +10% power supply tolerance available 

@ One-Time Programmable (OTP) Flashrite 
ming 

@ Latch-up protected to 100 mA from -1 V to Voc +1 V 


program- 


GENERAL DESCRIPTION 


The Am27C1024 is a 1 megabit, ultraviolet erasable pro- 
grammable read-only memory. It is organized as 64K words 
by 16 bits per word, operates from a single +5-V supply, 
has a static standby mode, and features fast single address 
location programming. The x16 organization makes the 
Am27C1024 ideal for use in 16-bit microprocessor systems. 
Products are available in windowed ceramic DIP and LCC 
packages, as well as plastic one-time programmable (OTP) 
packages. 


Typically, any byte can be accessed in less than 100 ns, 
allowing operation with high-performance microprocessors 
with reduced WAIT states. The Am27C1024 offers sepa- 


rate Output Enable (OE) and Chip Enable (CE) controls, 
thus eliminating bus contention in a multiple bus micropro- 
cessor system. 


AMD's CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power con- 
sumption is only 125 mW in active mode, and 350 pW in 
standby mode. 


All signals are TTL levels, including programming signals. 
Bit locations may be programmed singly, in blocks, or at 
random. The Am27C1024 supports AMD's interactive pro- 
gramming algorithm (0.5 ms pulses) resulting in typical 
programming times of less than two minutes. 


BLOCK DIAGRAM 


148,576 -BIT 
CELL MATRIX 


BD000218 


PRODUCT SELECTOR GUIDE 


Family Part No. 
Ordering Part No: 
+5% Voc Tolerance -105 


+10% Voc Tolerance 


Nan Acces Tine toe | aa | 
CE (E) Access (ns) Ae = 
OE (G) Access (ns) es 


Flashrite is a trademark of Advanced Micro Devices Inc. 
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Am27C 1024 


Issue Date: January 1989 


CONNECTION DIAGRAMS 


Top View 
DIPs 
401 ] Voc 
39 |__| PGM (P) 
38 {| NC 
371] A\s 
361 J Ay 
35[_ JA, 
34 |_J Ai 
33 [J Ay, 
S27 1 Ay 
Ag 
GND 
Ag 
A, 
Ag 
As 
A, 
A; 
A; 
A, 
Ay 
CD009304 
LCC* 
a 
_ eck = 
Sggusosboezs 
PETE TEAC SCE ITE a oe 
Da, eS 6°43 24 ke 
DQ,, Axe 
DQ, Ai; 
DQ, Aro 
DQ, Ac 
GND GND 
NC NC 
DQ, Ag 
DQ, A; 
DQ, Ae 
DQ, As 


MEBs 
Ske Ee ee 
Oo 3 
S 


CD009317 


*Also available in a 44-Pin plastic leaded chip carrier. 
Notes: 1. JEDEC nomenciature is in parentheses 
2. Don't use (DU) for PLCC 
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LOGIC SYMBOL 


DQ)- DQ;; 


LS003320 
Pin Description 


Ao-Ai5 = Address Inputs 

CE(E) = Chip Enable Input 

DQ 9-DQi5 = Data Input/Outputs 
OE(G) = Output Enable Input 
PGM(P) = Program Enable Input 
Voc = Vcc Supply Voltage 
Vpp = Program Supply Voltage 
GND = Ground 

NC = No Internal Connect 
DU = No External Connect 
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ORDERING INFORMATION 


Standard information 


AMD standard products are available in several packages and operating ranges. The order number (Valid 
Combination) is formed by a combination of: a. Device Number 

b. Speed Option 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM27C1024 _-100 


ae OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 
d. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 
| = Industrial (-40 to +85°C) 
E = Extended Commercial (-55 to +125°C) — 
c. PACKAGE TYPE 
D = 40-Pin Ceramic DIP (CDV040) 
L = 44-Pin Square Ceramic Leadiess Chip 
Carrier (CLV044) (JEDEC Type E) 
b. SPEED OPTION 


See Product Selector Guide and Valid 
Combinations 


a. DEVICE NUMBER/DESCRIPTION 
Am27C1024 
1 Megabit (64K x 16) CMOS UV EPROM 


Valid Combinations 
AM27C1024-100 
DC, DCB 
AM27C1024-105 
AM27C1024-120 


AM27C1024-125 
AM27C1024-150 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations or to check on newly released combinations, 
and to obtain additional data on AMD's standard military 
grade products. 


DC, DCB, Di, 
AM27C1024-155 DIB, LC, LCB, 
Li, LIB 


DC, DCB, Di, 


DIB, DE, DEB, 
AM27C1024-250 LCB, LIB, LE, 
LEB, LC, LI 


AM27C1024-300 
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ORDERING INFORMATION (Cont'd.) 
OTP Products (Preliminary) 


AMD standard products are available in several packages and operating ranges. The order number (Valid 
Combination) is formed by a combination of: a. Device Number 

b. Speed Option 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM27C1024 _-170 P. C 


ae OPTIONAL PROCESSING 

Blank = Standard processing 

d. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 

c. PACKAGE TYPE 
P = 40-Pin Plastic DIP (PD 040) 
J = 44-Pin Square Plastic Leaded Chip 

Carrier (PL 044) 
b. SPEED OPTION 


See Product Selector Guide and Valid 


Combinations 
a. DEVICE NUMBER/DESCRIPTION 
Am27C1024 
1 Megabit (64K x 16) CMOS OTP EPROM 
Valid | Valid Combinations si Valid Combinations 


| AM27C1024-170 Valid Combinations list configurations planned to be 

ee “ | AM27C1024-175 | Supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 

| AM27C1024-200 | 200 combinations or to check on newly released combinations, 

ee | AM27C1024-205 | and to obtain additional data on AMD's standard military 

PC, JC grade products. 

ee | AM27C1024-250 | 

| AM27C1024-255 255 

| AM27C1024-300 | | AM27C1024-300 | 

| AM27C1024-305 | 305 


SB ORION eer mane ir Ec en oo Ree Sunn Oe cee on ee OE nS Sine eu eee nae 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid 
Combination) is formed by a combination of: a. Device Number 

b. Speed Option 

c. Device Class 

d. Package Type 

e. Lead Finish 


AM27C1024 _-170 1B Q A 


a OPTIONAL PROCESSING 


A = Hot Solder Dip 


d. PACKAGE TYPE 
Q = 40-Pin Ceramic DIP (CDV040) 
U = 44-Pin Square Ceramic Leadless Chip 
Carrier (CLV044) 


c. DEVICE CLASS 
/B =Class B 


b. SPEED OPTION 
See Product Selector Guide and Valid 


Combinations 
a. DEVICE NUMBER/DESCRIPTION 
Am27C1024 
1 Megabit (64K x 16) CMOS UV EPROM 
Valid Combinations Valid Combinations 
AM27C1024-170 Valid Combinations list configurations planned to be 


supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
AM27C1024-250 /BQA, /BUA combinations, or to check for newly released valid 


AM27C1024-300 combinations. 
AM27C1024-350 Group A Tests 


Group A tests consist of Subgroups 
1, 2. 3, 7.6, 9.10; 4% 


AM27C1024-200 


For other Surface Mount Package 
options, contact NVD Military Marketing. 
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FUNCTIONAL DESCRIPTION 
Erasing the Am27C1024 


In order to clear all locations of their programmed contents, it 
is necessary to expose the Am27C1024 to an ultraviolet light 
source. A dosage of 15 W seconds/cm® is required to 
completely erase an Am27C1024. This dosage can be ob- 
tained by exposure to an ultraviolet lamp — wavelength of 
2537 Angstroms (A) —with intensity of 12,000 uW/cm? for 
15 to 20 minutes. The Am27C1024 should be directly under 
and about one inch from the source and all filters should be 
removed from the UV light source prior to erasure. 


It is important to note that the Am27C1024, and similar 
devices, will erase with light sources having wavelengths 
shorter than 4000 A. Although erasure times will be much 
longer than with UV sources at 2537A, nevertheless the 
exposure to fluorescent light and sunlight will eventually erase 
the Am27C 1024 and exposure to them should be prevented to 
realize maximum system reliability. If used in such an environ- 
ment, the package window should be covered by an opaque 
label or substance. 


Programming the Am27C1024 


Upon delivery, or after each erasure, the Am27C1024 has all 
1,048,576 bits in the ''ONE"’, or HIGH state. ''ZEROs'' are 
loaded into the Am27C1024 through the procedure of pro- 
gramming. 


The programming mode is entered when 12.5 +0.5 V is 
applied to the Vpp pin, and CE and PGM are at Vi. 


For programming, the data to be programmed is applied 16 
bits in parallel to the data pins. 


The flowchart in Figure 1 shows AMD's interactive algorithm. 
Interactive algorithm reduces programming time by using short 
programming pulses and giving each address only as many 
pulses as is necessary in order to reliably program the data. 
After each pulse is applied to a given address, the data in that 
address is verified. If the data does not verify, additional 
pulses are given until it verifies or the maximum is reached. 
This process is repeated while sequencing through each 
address of the Am27C1024. This part of the algorithm is done 
at Vcc = 6.0 V to assure that each EPROM bit is programmed 
to a sufficiently high threshold voltage. After the interactive 
programming is completed, an overprogram pulse is given to 
each memory location; this ensures that all bits have sufficient 
margin. After the final address is completed, the entire 
EPROM memory is verified at Voc =5 V + 5%. 


Flashrite ™ 


The OTP EPROM Fliashrite programming algorithm (shown in 
Figure 2) reduces programming time by using initial 100 us 
pulses followed by a byte verification to determine whether the 
byte has been successfully programmed. If the data does not 
verify, an additional pulse is applied for a maximum of 25 
pulses. This process is repeated while sequencing through 
each address of the OTP EPROM. 


The Flashrite programming algorithm programs and verifies at 
Voc = 6.25 V and Vpp = 12.75 V. After the final address is 
completed, all bytes are compared to the original data with 
Voc = Vpp = 5.25 V. 


Program Inhibit 


Programming of multiple Am27C 1024s in parallel with different 
data is also easily accomplished. Except for CE, all like inputs 
of the parallel Am27C1024 may be common. A TTL low-level 
program pulse applied to an Am27C1024 CE input with 
Vpp = 12.5 + 0.5 V and PGM LOW will program that 


Am27C1024. A high-level CE input inhibits the other 
Am27C1024s from being programmed. 


Program Verify 


A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The verify 
should be performed with OE and CE, at Vj_, PGM at Vip, and 
Vpp between 12.0 V to 13.0 V. 


Auto Select Mode 


The auto select mode allows the reading out of a binary code 
from an EPROM that will identify its manufacturer and type. 
This mode is intended for use by programming equipment for 
the purpose of automatically matching the device to be 
programmed with its corresponding programming algorithm. 
This mode is functional in the 25°C + 5°C ambient tempera- 
ture range that is required when programming the 
Am27C1024. 


To activate this mode, the programming equipment must force 
12.0 + 0.5 V on address line Ag of the Am27C1024. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address line Ao from Vj. to Vj. All other 
address lines must be held at Vi, during auto select mode. 


Byte 0 (Ag = Vi.) represents the manufacturer code, and byte 
1 (Ao = Vip), the device identifier code. For the Am27C1024, 
these two identifier bytes are given in the Mode Select table. 
All identifiers for manufacturer and device codes will possess 
odd parity, with the MSB (DQ7) defined as the parity bit. 


Read Mode 


The Am27C1024 has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip Enable (CE) is the power control and should be 
used for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output pins, 
independent of device selection. Assuming that addresses are 
stable, address access time (tacc) is equal to the delay from 
CE to output (tc). Data is available at the outputs tog after 
the falling edge of OE, assuming that CE has been LOW and 
addresses have been stable for at least tacc — toe. 


Standby Mode 


The Am27C1024 has a CMOS standby mode which reduces 
the maximum Vcc current to 200 wA. It is placed in CMOS- 
standby when CE is at Voc + 0.3 V. The Am27C1024 also has 
a TTL-standby mode which reduces the maximum Vcc current 
to 1.0 mA. Itis placed in TTL-standby when CE is at Vjy. When 
in standby mode, the outputs are in a high-impedance state, 
independent of the OE input. 


Output OR-Tieing 


To accomodate multiple memory connections, a two-line 
control function is provided to allow for: 


1. Low memory power dissipation, and 
2. Assurance that output bus contention will not occur. 


It is recommended that CE be decoded and used as the 
primary device-selecting function, while OE be made a com- 
mon connection to all devices in the array and connected to 
the READ line from the system control bus. This assures that 
all deselected memory devices are in their low-power standby 
mode and that the output pins are only active when data is 
desired from a particular memory device. 


System Applications 


During the switch between active and standby conditions, 
transient current peaks are produced on the rising and falling 
edges of Chip Enable. The magnitude of these transient 
current peaks is dependent on the output capacitance loading 


Am27C1024 


of the device. At a minimum, a 0.1-uF ceramic capacitor (high arrays, a 4.7-yF bulk electrolytic capacitor should be used 


frequency, low inherent inductance) should be used on each between Vcc and GND for each eight devices. The location of 
device between Vcc and GND to minimize transient effects. In the capacitor should be close to where the power supply is 
addition, to overcome the voltage drop caused by the induc- connected to the array. 


tive effects of the printed circuit board traces on EPROM 


MODE SELECT TABLE 


SS a eres ours 


ee Sn 
i ae 


Program Verify a 
_ Program Inhibit ie 


Auto Select | Manufacturer Code 
wre 2) 


Notes: 1. X can be either Vj, or Viy 
2. VH = 12.0 Vt0.5 V 
3. Ay-Ag = Aio- A15 = ViL 
4. See DC Programming Characteristics for Vpp voltage during programming. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature: 


OTE PIOGUNS 2. ee -65 to +125°C 

All: Otter: PROGUCIS. ©0055. eras -—65 to + 150°C 
Ambient Temperature 

with Power Applied .......0...00ccccccceveeees -55 to +125°C 


Voltage with Respect to Ground: 
All pins except Ag, Vpp, and 


WER ees -0.6 to Voc +0.5 V 
Pi GIG Wi oii kos ee ie ce -0.6 to 13.5 V 
WOE ie a Gee oe -0.6 to 7.0 V 


Stresses above those listed under ''Absolute Maximum Rat- 
ings'' may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the operation- 
al sections of this specification is not implied. Exposure of the 
device to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Notes: 1. Minimum DC voltage on input or |/O is -0.5 V. 
During transitions, the inputs may undershoot GND 
to -2.0 V for periods of up to 20 ns. Maximum DC 
voltage on input and I/O is Vcc +0.5 V which may 
overshoot to Vcc +2.0 V for periods up to 20 ns. 


2. For Ag and Vpp the minimum DC input is -0.5 V. 
During transitions, Ag and Vpp may undershoot GND 
to -2.0 V for periods of up to 20 ns. Ag and Vpp must 
not exceed 13.5 V for any period of time. 


OPERATING RANGES 


Commercial (C) Devices 


Case Temperature (TC) ............ceccceceeeeees 0 to +70°C 
Industrial (1) Devices 

Case Temperature (TC) ............eceseeeeees -40 to +85°C 
Extended Commercial (E) Devices 

Case Temperature (Tc) ...........:eeeee eee -55 to +125°C 
Military (M) Devices 

Case Temperature (Tc) .............0.ceee ee -55 to +125°C 
Supply Read Voltages: 

Voc/Vpp for Am27C1024-XX5 ......... +4.75 to +5.25 V 

Voc/Vpp for Am27C1024-XX0......... +450 to +5.50 V 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified (Notes 1, 4, 5 & 8) 


TTL and NMOS Inputs 


Parameter Parameter 
Symbol Description Test Conditions 


Output LOW Voltage lo. = 2.1 mA 


eo 8S 


mes ae ee ee 


Input LOW Voltage 


ee Input Load Current 


fs ees 


Senna ASSES 
SS 2 


E/M Devices ce 


C/| Devices ae 
Output Leakage Current Vout =9 V to Voc 


CE = VIL, 
me} Current (Notes 5 & 9) louT =0 mA 


(Open Outputs) 


; Voc Standby Current CE = Vin, 
Ce (Note 9) OE = ViL 


C/| Devices 


a co eB 
E/M Devices 


oe 
[eM Devices | ts 


Vpp Supply Current (Read) eS: ma 


CMOS inputs 


Parameter Parameter 
Symbol Description Test Conditions 
VIH 


Input LOW Voltage 


| C/l Devices Devices 
Input Load Current Vin =0 V to Voc 
E/M | E/M Devices | 


Am27C1024 


ee ee 
eA Dewees te 
PE/M Devices [+f 50 


DC CHARACTERISTICS over operating range unless otherwise specified (Notes 1, 4 & 5) (Cont'd.) 
Parameter Parameter 
Symbol Description Test Conditions 
C/I D 
eubuk i Gut ev 
E/M Devices eos 


C/| Devices 


loci Current (Notes 5 & 9) = mA 
's Veo Standby Curent 2 ee 
— se E/M Deviees [| | —240 | 
Vpp Supply Current (Read) : _ze. = 
Poo (Notes 6 & 9) - CE = OE = Vi, Vpp = Voc 100 uA 


CDV040 CLV044 
Parameter Parameter 


Symbol Description Test Conditions | Typ. | Max. | Typ. | Max. 


[cn | Adress input Capacitance —[ wwaov——S«dY 8 | 2 | 6 | 9 | oF 
[Gino | OE input Capacitance ——S«dt Ww=ov «iY (| wo |e [1s | oF 
[Cwa | CE Input Capacitance ——=SS*d mov Cd | 8 | 
eo ee ee er 


Notes: 1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 

. Typical values are for nominal supply voltages. 

. This parameter is only sampled and not 100% tested. 

. Caution: The Am27C1024 must not be removed from, or inserted into, a socket or board when Vpp or Vcc is applied. 

. loci is tested with OE = Vix to simulate open outputs. 

. Maximum active power usage is the sum of Icc and Ipp. 

Ta = 25°C, f = 1 MHz. 

. Minimum DC input voltage is -0.5 V. During transitions, the inputs may undershoot to -2.0 V for periods less than 20 ns. 
Maximum DC voltage on output pins is Vcc +0.5 V which may overshoot to Vcc +2.0 V for periods less than 20 ns. 

. For Am27C1024-305 Icce (TTL) =5 mA, Ioce (CMOS) = 1 mA, Ipp = 1 mA maximum. 


Voc Active 


CAPACITANCE (Notes 2, 3, & 7) 


© MNOMAWN= 


SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified (Notes 1, 3, & 4) 


ae Standard | Parameter Description 


ene ere Address to Output -OE- 
vies [wax [100 [120 [150 [170 [200 [250 s00_| 50 | 
troy | toe [SHIP Enable to Output Sas 6 Ss eS ee ee ee 
Daly [ex | 100 | 120 | 160 | 170 | 200 | 280 | 300 | <0 | 
ee ee ee ee ee ee ee eee 
— es : ioe ce Seea ee 100: | 40 | (eo 


Output Enable HIGH 
to Output Float 
(Note 2) 


Output Hold from 
Addresses, CE, or 
OE,whichever occurred 


- (oS ee 


Notes: 1. Voc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 
. This parameter is only sampled and not 100% tested. 
. Caution: The Am27C1024 must not be removed from, or inserted into, a socket or board when Vpp or Vcc is applied. 
. Output Load: 1 TTL gate and C;, = 100 pF, input Rise and Fall Times: 20 ns, Input Pulse Levels: 0.45 to 2.4 V, Timing Measurement 
Reference Level -—Inputs: 0.8 V and 2 V 
Outputs: 0.8 V and 2 V 


Am27C 1024 


-& Wh 
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SWITCHING TEST CIRCUITS 


DEVICE 2.7 kQ2 
UNDER S 
TEST 


6.2 k&2 


oe 


C, = 100 pF including jig capacitance 


SWITCHING TEST WAVEFORMS 


2.4V 


2.0 V 2.0V 


> TEST POINTS - 


0.8 V 0.8 V 


045 V 


INPUT OUTPUT 
WF009504 


0+5 V 


DIODES = IN3064 
OR EQUIVALENT 


TC003195 


AC Testing: Inputs are driven at 2.4 V for a Logic ''1"' and 0.45 V for a logic ''0'’. Input pulse rise and fall 


times are <20 ns. 
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SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORMS 


WAVEFORM 


INPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROM H TOL 


MAY CHANGE 
FROML TOH 


DON'T CARE; 
ANY CHANGE 
PERMITTED 


DOES NOT 
APPLY 


24 
= DORESSES 
ADDRESSES j were 
8 
0.45 
CE (&) 
tce 
dE (G) 
toe 
(NOTE 1) 
tacc 
(NOTE 1) 


a 477 
ANNANY 


Read Cycle 


Notes: 1. OE(G) may be delayed up to tacc-tog after the falling 


OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


WILL BE 
CHANGING 
FROML TOH 


CHANGING; 
STATE 
UNKNOWN 


CENTER 
LINE IS HIGH 
IMPEDANCE 
“OFF” STATE 


KS000010 


2. tpg is specified from OE or CE, whichever occurs first. 


Am27C1024 


WF001296 


edge of CE(E) without impact on tacc. 


PROGRAMMING FLOW CHARTS 


Vep = 12.5 V 
xX =0 


INTERACTIVE 
SECTION vee 
NO 
PASS 
PA 
INCREMENT ADDRESS LAST ADDRESS? = 
FAIL 
ADDRESS = FIRST LOCATION 
OVERPROGRAM 


SECTION 
PROGRAM ONE 1ms PULSE 
INCREMENT ADDRESS LAST ADORESS? 


Vec =5.0 V +5% 
VERIFY SECTION 


VERIFY ALLBYTES DEVICE FAILED 
PASS 
. DEVICE PASSED 


PF002850 


Figure 1. Interactive Programming Flow Chart 
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START 
ADDRESS = FIRST LOCATION 
Voc = 625 V 
Vpp = 12.75 V 


INTERACTIVE 
SECTION 


INCREMENT ADDRESS 


LAST ADDRESS? 
Y 


ES 
Voc = Vpp = 5.25 V 
VERIFY SECTION 


VERIFY ALL BYTES DEVICE FAILED 
? 
PASS 
DEVICE PASSED 


10205B-008A 


PFOQ02490 


Figure 2. Flashrite Programming Flow Chart for OTP EPROM 
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DC PROGRAMMING CHARACTERISTICS (Ta = +25°C +5°C) (Notes 1, 2, & 3). 


eee ee Pe 

Symbol Description Test Conditions 

Pi | pet Curent inputs) S| rv | | 100 «| 

input LOW Lover (Amouis) STS SSC*dS Ct | wT 

ct ee ee ee 
Pio=2tma | 


| VoH _ | Output HIGH Voltage During Verity lo =-400 pA pee 


ViL 
ViH 
VOL 
VOH 
ee a ee eee Ce ee 
loca | Voc Supply Current (Program & Very) | 
| _ippe___|_ Ver Supply Current (Program) | CE = Vw, OE = Vin 
TVeri___| Intracve Programming Votage | 
[voce | Flesite Supply Vonwse | 
Flashrite Programming Voitage | 


Parameter 
Symbols 
Parameter 
ES jepee Standard Description 
tpw oe 


Flashrite 
tELEH1 PGM Program Pulse Width : 
: 


PGM Overprogram Pulse Width (Interactive) 
Ce BE, SS 


Notes: 1. Vcc must be applied simultaneously or before Vpp, and removed simultaneously or after Vpp. 
2. When programming the Am27C1024, a 0.1-uF capacitor is required across Vpp and ground to suppress spurious 
voltage transients which may damage the device. 
3. Programming characteristics are sampled but not 100% tested at worst-case conditions. 
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PROGRAMMING ALGORITHM WAVEFORMS (Notes 1 & 2) 


PROGRAM 
Vin PROEHAM VERIFY 


tas nee ‘an 
Hi-Z 
| tore 
Vpp MAX 


Vpp y 


WF000555 
Notes: 1. The input timing reference level is 0.8 for Vi. and 2 V for Vip. 
2. tog and tprp are characteristcs of the device, but must be accommodated by the programmer. 
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Am27C020 . 


2 MBit (256K x 8) CMOS EPROM 


Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 


Compact 32-pin DIP package requires no hardware 
change for upgrades to 8 Mbit 


¢ Flashrite™ programming 


* High-performance CMOS technology “ 


¢ Fast access time 


- 100 ns 
° Low power dissipation * Ceramic DIP and LCC packages 
— 100 pA maximum standby current ¢ Latch-up protected to 100 mA from —1 V 
* Easy upgrade from 28-pin JEDEC EPROMs to V..+1V 
GENERAL DESCRIPTION 


The Am27C020 is a 2,097,152-bit ultraviolet-light-eras- The standard Am27C020 offers access times as fast as 


able, programmable read-only memory (UV EPROM) 
device organized as 256K bytes of 8 bits each. Its pin com- 
patibility with byte-wide JEDEC EPROMs allows easy 


150 ns, allowing operation with high-speed microproces- 
sors without any wait states. The Am27C020 also offers 
separate Chip Enable (CE) and Output Enable (OE) con- 


upgrades from 512K through 8-Mbit densities. AMD’s trols, which eliminates bus contention in a mulitple-bus 


CMOS process technology provides high-speed and low microprocessor system. 
power consumption. 
BLOCK DIAGRAM 
CE 


SENSE AMPS 
AND DATA 
/O BUFFERS 


PGM 
OE 


CONTROL 
LOGIC 


8 
8 


Y ADDRESS 
BUFFERS 
AND DECODERS 


Y¥ SELECT 


a eS 
EPROM 
ARRAY 


This document contains information on a product under development at Advanced Micro Devices, Inc. 
The information is intended to help you to evaluate this product. AMD reserves the right to change or 
discontinue work on this proposed product without notice. 
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Ao “A 47 
ADDRESS 


INPUTS X ADDRESS 


BUFFERS 
AND DECODERS 


V 

go mens 
Voc Oo-— 
GND oO—————_> 


11507-001A 


icati Rev. Amendment 
08140 D /0 


issue Date: February 1989 


CONNECTION DIAGRAMS 
Top View 


DIP LCC 


Note: 1. JEDEC nomenclature is in parentheses. 
2. The 32-Pin DIP to 32-Pin LCC configuration varies from the 11507-002A 
JEDEC 28-Pin DIP to 32-Pin LCC configuration. 


LOGIC SYMBOL 


11507-003A 


Pin Description 


Address Inputs 
CE (E) = Chip Enable Input 
DQ—DQ, = Data Input/Outputs 
OE (G) = Output Enable Input 
PGM (P) = Program Enable Input 
Vic = Vo Supply Voltage 
V., = Program Supply Voltage 
GND = Ground 
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| Advance Information | Information at 


Am27C2048 saotan 
131,072 x 16-Bit CMOS UV EPROM Devices 


DISTINCTIVE CHARACTERISTICS 


JEDEC-approved pinout 


@ Fast access time — 100 ns S 
@ Low power consumption: @ +10% power supply tolerance available 
- 100 vA maximum standby current @ Flashrite’™ programming 
@ Programming voltage: 12.5 V @ Latch-up protected to 100 mA from -1 V to Voc +1 V 


Single +5-V power supply 


GENERAL DESCRIPTION 


The Am27C2048 is a 2 megabit, ultraviolet erasable pro- 
grammable read-only memory. It is organized as 131,072 
words by 16 bits per word, operates from a single +5-V 
supply, has a static standby mode, and features fast single 
address location programming. 


Typically, any byte can be accessed in less than 100 ns, 
allowing operation with high-performance microprocessors 
without WAIT states. The Am27C2048 offers separate 
Output Enable (OE) and Chip Enable (CE) controls, thus 
eliminating bus contention in a multiple bus microprocessor 
system. 


AMD's CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power con- 
sumption is only 100 mW in active mode, and 500 yuW in 
standby mode. 


All signals are TTL levels, including programming signals. 
Bit locations may be programmed singly, in blocks, or at 
random. The Am27CG2048 supports both AMD's interactive 
programming algorithm (0.5 ms pulses) and Flashrite algo- 
rithm (0.1 ms pulses). 


BLOCK DIAGRAM 


Oo——— Ver 
O————e- GND 
O-———= GND 
O———= Vop 


Flashrite is a trademark of Advanced Micro Devices Inc. This document contains information on a product 
under development at Advanced Micro Devices, Inc. The information is intended to help you to evaluate this 
product. AMD reserves the right to change or discontinue work on this proposed product without notice. 
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BD008370 


11407 A 
Issue Date: January 1989 


oe 


CONNECTION DIAGRAMS 
Top View 


DIP LCC 


DO, 
DQ, 
DQ, 


CD009305 CD009318 


Note: 1. JEDEC nomenciature is in parentheses. 


LOGIC SYMBOL 


LS002299 


Voc = 5.0-V Power Supply 
GND = 0-V Power Supply 
Vpp = 12.5 V Power Supply 
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| Advance Information. Information : at 


Am27C4096 Bee 
262,144 x 16-Bit CMOS UV EPROM Devices 


DISTINCTIVE CHARACTERISTICS 


Fast access time — 120 ns 

Low power consumption: 

- 100 pA maximum standby current 
Programming voltage: 12.5 V 

Single +5-V power supply 


@ JEDEC-approved pinout 

+10% power supply tolerance available 

Flashrite'™ programming 

Latch-up protected to 100 mA from -—1 V to Voc +1 V 


GENERAL DESCRIPTION 


The Am27C4096 is a 4 megabit, ultraviolet erasable pro- 
grammable read-only memory. It is organized as 262,144 
words by 8 bits per word, operates from a single +5-V 
supply, has a static standby mode, and features fast single 
address location programming. 


Typically, any byte can be accessed in less than 120 ns, 
allowing operation with high-performance microprocessors 
with reduced WAIT states. The Am27C4096 offers sepa- 
rate Output Enable (OE) and Chip Enable (CE) controls, 
thus eliminating bus contention in a multiple bus micropro- 
cessor system. 


AMD's CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power con- 
sumption is only 100 mW in active mode, and 500 uW in 
standby mode. 


All signals are TTL levels, including programming signals. 
Bit locations may be programmed singly, in blocks, or at 
random. The Am27C4096 supports both AMD's interactive 
programming algorithm (1-ms pulses) and Flashrite algo- 
rithm (0.1 ms pulses). 


BLOCK DIAGRAM 


BD000216 


icati Rev. Amendment 
11408 A /0 
Issue Date: November 1988 


Flashrite is a trademark of Advanced Micro Devices Inc. 
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CONNECTION DIAGRAMS 
Top View 


DIP LCC 


CD009302 ‘ | CD009316 


Notes: 1. Pin 1 is marked for orientation. ce 


LOGIC SYMBOL 


LS002298 


Voc = 5.0-V Power Supply 
GND = 0-V Power Supply 
Vpp = 12.5 V Power Supply 
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EPROM SPEEDS FOR POPULAR 


cl 


MICROPROCESSORS 


Ken Pope 


The speed of a microprocessor is determined by the 
clock frequency at which it can operate, the number of 
cycles per instruction, and the speed of the external 
devices (memories, peripherals, etc.). If the memory 
access is slow, the system throughput will be slow no 
matter how fast the clock frequency is. When the 
memory is seldom accessed (diagnostics or a boot 
EPROM) itis cost effective to use slower EPROMs which 
create wait states. This will not degrade throughput 
significantly and will allow cost savings. For memories 


_— 
.2) 
a 
” 
® 
oO 
2 
Q 
9 
2 
= 


Buffer 


that incorporate operating systems or other heavily used 
code wait states are intolerable because the overall 
performance is degraded dramatically. 


The following table shows access times that can be 
expected over anumber of microprocessors at their rated 
frequencies. This table is based on the microprocessor 
based system shown in Figure 1. 


11722-001A 


Figure 1. 


The buffer delays are 7.5 ns and the logic delay is 4 ns. If faster 
buffers or logic are used, EPROM access time increases. 


(1S STR LS SS To FR eS TT EE 
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EPROM Speeds for Popular Microprocessors 


TABLE 1 
Processor Frequency Wait States EPROM Access 
80031 16 MHz - 150 ns 
800186 12 MHz 0 150 ns 
16 MHz 0 120 ns 
16 MHz 1 150 ns 
800196 10 MHz - 150 ns 
12 MHz - 100 ns 
80186 10 MHz 0 200 ns 
12 MHz 0 150 ns 
12 MHz 1 350 ns 
80286 12 MHz 0 120 ns 
16 MHz 0 90 ns 
16 MHz 1 170 ns 
80386 16 MHz 0 7 90 ns 
20 MHz 0 70 ns 
20 MHz 1 120 ns 
68000 12 MHz 0 150 ns 
68010 12 MHz 0 150 ns 
16 MHz 0 100 ns 
16 MHz 1 150 ns 
29000 25 MHz 0 55 ns* 


* Bank interleaved 
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Am2864AE 


8192 x 8-Bit Electrically Erasable PROM 


ct 


Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 


5-V only operation 

Military temperature range available 

Self-timed Write Cycle with on-chip latches 

Data Polling for end-of-write indication 

Data protection features to prevent writes from occur- 
ring during Voc power-up/down 


@ 32-byte page write mode 

@ Minimum endurance of 10,000 write cycles per byte with 
a 10-year retention. For detailed information, see the 
reliability section within this Handbook. 

@ Allows WE and CE controlled Writes 


GENERAL DESCRIPTION 


The Am2864AE is a 65,536-bit Electrically Erasable Pro- 
grammable Read-Only Memory (EEPROM) organized as 
8192 words by 8 bits per word. It operates from a single 
5-volt supply and has a fully self-timed write cycle with 
address, data, and control lines latched during the write 
operation. The 32-byte page write mode allows program- 
ming in as little as 2.6 seconds. The Am2864AE is 
fabricated on AMD's highly manufacturable N-Channel 
Silicon gate process, and uses AMD's proprietary EEPROM 


BLOCK DIAGRAM 


X-DECODER 


Y-DECODER 


65,536-BiT 
CELL ARRAY 


Y-GATING 


Wwe OUTPUT ENABLE 
= CHIP ENABLE INPUT 
PROG. LOGIC LATCHES 
= AND Vpp GEN. 
Vec — eee 
a 
BDO003055 


technology to achieve electrically alterable nonvolatile 
storage. This technology employs the industry-accepted 
Fowler-Nordheim tunneling across a thin oxide. 


The Am2864AE provides the on-chip logic necessary to 
interface with most microprocessors. The latched inputs 
and self-timed write cycle free the microprocessor to 
perform other tasks during a write. A transparent automatic 
erase before write enhances system performance. 


MODE SELECT TABLE 


Data In 
Data In 
Hi-Z 


Hi-Z Read Inhibit 

- Write Inhibit 
Code Auto Select 
Din Data Polling 


X = Don't Care 
“LT = Pulse 


PRODUCT SELECTOR GUIDE 


Supply 
Tolerance 
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Publication# Rev. Amendment 
09625 B /0 
Issue Date: November 1988 


CONNECTION DIAGRAMS 
Top View 


DIP 


DQ, 


CD005609 
CD006001 


LOGIC SYMBOL 


Ao - Ai2 = Address Pins 
CE = Chip Enable 
DQpo - DQ7 = Data Pins 
GND = Ground 
NC = No Connect 
OE = Output Enable 
Vcc = Power Supply 
WE = Write Enable 
NC = No Connect 


LS002272 
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ORDERING INFORMATION 
Standard Products 


AMD standard products .are available in several packages and operating ranges. The order number (Valid 
Combination) is formed by a combination of: a. Device Number 

b. Speed Option 

c. Package Type 

d. Temperature Range 

e. Optional Processing 
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AM2864AE 


-— 200 D C 


a. DEVICE NUMBER/DESCRIPTION 
Am2864AE 
8192 x 8-Bit EEPROM 


DC, DCB, 
DI, DIB, 


DE, DEB, 
LC, LCB, 
Li, LIB, 

EE Leo 


eee OPTIONAL PROCESSING 
Blank = Standard Processing 
B = Burn-in 
d. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 
| = Industrial (-40 to +85°C) 
E = Extended Commercial (-55 to + 125°C) 
c. PACKAGE TYPE 
D = 28-Pin Ceramic or Sidebrazed Ceramic DIP 
(CD 028 or SD 028) 
L = 32-Pin Rectangular Ceramic Leadliess Chip 
Carrier (CLRO32) 
b. SPEED OPTION 


See Product Selector Guide 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released valid combinations, 
and to obtain additional data on AMD's standard military 
grade products. 


Am2864AE 


MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) 
for APL products is formed by a combination of: a. Device Number 

b. Speed Option 
. Device Class 
. Package Type 
. Lead Finish 


AM2864AE -— 200 /B x A e 
— LEAD FINISH 


A =Hot Solder Dip (CD 028 pkg. only) 


oad 


d. PACKAGE TYPE 
X = 28-Pin Ceramic or Sidebrazed Ceramic DIP 
(CD 028 or SD 028) 
U = 32-Pin Rectangular Leadless Chip Carrier 
(CLRO32) 


c. DEVICE CLASS 
/B =Class B 


b. SPEED OPTION 
—200 = 200 ns 
-—250 = 250 ns 
-—300 = 300 ns 
-—350 = 350 ns 


a. DEVICE NUMBER/DESCRIPTION 
Am2864AE 
8192 x 8-Bit EEPROM 


Valid Combinations 


Valid Combinations 


AM2864AE-200 
AM2864AE-250 
AM2864AE-300 
AM2864AE-350 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 


/BXA, /BUA 


Group A Tests 


Group A tests consist of Subgroups 
{2-37 TE 
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FUNCTIONAL DESCRIPTION 
Read Mode 


The Am2864AE has two control functions which must be 
logically satisfied in order to obtain data at the outputs. Chip 
Enable (CE) is the power control and should be used for 
device selection. Output Enable (OE) is the output control and 
should be used to gate data to the output pins independent of 
device selection. Assuming that addresses are stable, address 
access time (tacc) is equal to the delay from CE to output 
(tce). Data is available at the outputs tog after the falling edge 
of OE, assuming that CE has been LOW and addresses have 
been stable for at least tacc-toeE. 


Standby Mode 


The Am2864AE has a standby mode which reduces the active 
power dissipation by 50%, from 735 mW to 368 mW 
(Vcc +5%). The Am2864AE is placed in the standby mode by 
applying a TTL HIGH signal to the CE input. When in the 
standby mode, the outputs are in a high-impedance state, 
independent of the OE input. 


Data Protection 


The Am2864AE incorporates several features that prevent 
unwanted write cycles during Vcc power-up and power-down. 
These features protect the integrity of the stored data. 


To avoid the initiation of a write cycle during Vcc power-up 
and power-down, a write cycle is locked out for Vcc less than 
3.0 volts (typical 3.3 V). It is the users's responsibility to ensure 
that the control levels are logically correct when Vcc is above 
3.0 volts. 


There is a WE lockout circuit that prevents WE pulses of less 
than 20 ns duration from initiating a write cycle. 


When the OE control is in logic zero condition, a write cycle 
cannot be initiated. © 


Write Cycle Control Pins 


For system design simplification, the Am2864AE is designed 
in such a way that either CE or WE can be used to initiate a 
write cycle. During a system write cycle, the address is latched 
into the internal address latches upon the last falling edge of 
WE or CE providing that OE is a logic ''1''. The first rising edge 
of WE or CE latches the data into the data latches. All setup 
and hold times are with respect to the WE signal. 


To simplify the following discussion, the WE pin is used as the 
write cycle control pin throughout the rest of this functional 
description. 


Page Write Mode 


The page write allows from 1 to 32 bytes of data to be written 
into the EEPROM in a single write cycle. The page write mode 
consists of a load sequence followed by an automatic write 
sequence. 


During the load portion, sequential WE pulses load the byte 
address and the byte data into a 32-byte register. The bytes 
can be loaded into this register in any order. On each WE 
pulse, the ''Y'' address is latched on the falling edge of the 
WE, the data input is latched on the rising edge of WE, and the 
page address (As-Aj2) is latched on the falling edge of the last 
WE. Note that in order for a write to occur, CE and WE must 
be LOW and OE must be HIGH. The load portion of the page 
write is complete when all the data (up to 32 bytes) is loaded 
into the register. 


The automatic write portion starts twyw after each transition of 
WE from LOW-to-HIGH. If WE transitions from HIGH-to-LOW 
before tww minimum (100 ys), the timer is reset and the 
automatic write portion does not start. This is how the bytes 


are loaded into the register. If WE is held LOW, this tww timer 
never starts and the write cycle is held indefinitely. 


When a write pulse is not given to the device within the tww 
minimum time (100 us) from the rising edge of the previous 
write pulse, the automatic write sequence is initiated. At 
completion of the automatic write sequence (twR maximum 
time has elapsed, or Data Polling indicates the write operation 
is complete), at least one of the control pins must deselect the 
device from accidental writes (OE LOW, CE HIGH, or WE 
HIGH). 


The automatic write sequence consists of an erase cycle, 
which erases any data that existed in each addressed cell; and 
a write cycle, which puts data back into the erased cells. Note 
that a page write will only write data to the locations being 
addressed and will not rewrite the entire page. 


Byte Mode Write 


When WE is toggled once, the Am2864AE operates in the 
byte mode. A single byte is loaded into the register, and after 
WE goes HIGH and tww is satisfied, the automatic write cycle 
starts. It is in this mode that the Am2864AE is identical to the 
Am2864BE and Am9864. 


Auto Select Mode 


The auto select mode allows the reading out of a binary code 
from an EEPROM that will identify its manufacturer and type. 
This mode is intended for use by programming equipment for 
the purpose of automatically matching the device to be 
programmed with its corresponding programming algorithm. 
This mode is functional at 25°C +5°C ambient temperature. 


To activate this mode, programming equipment must force 
11.5 V to 12.5 V on address line Ag of the Am2864AE. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address line Ap from Vj, to Vip. All other 
address lines must be held at Vi, during auto select mode. 


Byte 0 (Ap = Vi) represents the manufacturer code and byte 
1 (Ao = Vip) the device identifier code. For the Am2864AE, 
these two identifier bytes are given in Table 1. All identifiers for 
manufacturer and device codes will possess odd parity, with 
the MSB (07) defined as the parity bit. The auto select code for 
the Am2864AE is identical to the Am2864BE. 


Output OR-Tieing 


To accommodate multiple memory connections, a two-line 
control function is provided to allow for: 


1. Low memory power dissipation, and 
2. Assurance that output bus contention will not occur. 


It is recommended that CE be decoded and used as the 
primary device-selecting function, while OE be made a com- 
mon connection to all devices in the array and be connected 
to the read line from the system control bus. This assures that 
all deselected memory devices are in their low-power standby 
mode and that the output pins are only active when data is 
desired from a particular memory device. 


Data Polling 


Data Polling makes the Am2864AE highly flexible. It allows the 
designer the option of a software polling technique for end-of- 
write indication. Data Polling requires a simple software rou- 
tine that performs a read operation when the chip is in the 
automatic write mode. The data that becomes valid during this 
Data Polling read is the inverse of all 8 bits last written to the 
outputs. The true data (DQ9 —- DQ7) will become valid when 
the automatic write has been completed. Note that all 8 bits 
invert during Data Polling, thereby giving the user more 
flexibility during design and layout. 
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Chip Clear Mode (Military only) 


Another feature included on AMD's Am2864AE for military 
applications is a single-pulse chip erase. This optional mode 
allows the user to program all bits to a logic ONE with a single 
10-ms write. Additional information is available from AMD 
regarding this test mode — consult the local AMD sales office. 


Endurance 


Since endurance testing is a destructive test, it is sampled and 
not 100% tested. To test for endurance, a sample of devices 
are written 10,000 times and checked for data retention 
Capability. 


There is one main failure mechanism associated with endur- 
ance failures in EEPROMs. This failure mechanism is due to 
charge trapping in the thin tunneling dielectric. At a point when 
the amount of trapped charge creates an electric field that 
exceeds the dielectric breakdown of the oxide, the oxide 
becomes conductive and reliable storage of charge on the 
floating gate is no longer possible. This results in the failure of 
a single bit to properly write and retain data. 


There are three different failure rates associated with this 
failure mechanism, and the failure rates are a function of the 
number of write cycles. For less than a few hundred write 
cycles, the failure rate is relatively high. During AMD testing, 
each part is written hundreds of times to allow those cells that 
would be infant-mortality failures to be screened out. For the 
next 20,000 to 30,000 write cycles the failure rate is low. It is in 
this region that AMD EEPROMs are operated. Somewhere 
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above this region, typically well above the guarantee of 10° 
total write cycles, the failure rate again starts increasing. 


The endurance failure rate is a function of the number of write 
cycles that the part has experienced. All parts that pass the 
AMD test screens will write a minimum of 10,000 times and 
retain data for a period of ten years at every byte location with 
a maximum failure rate of 5%. In other words, 5% (maximum) 
of a sample of devices will fail to write or to retain information 
after write if they are written 10,000 times. Those devices that 
fail will typically have a single bit that fails to retain the correct 
data after being written. This failure rate is measured from a 
sample of devices, in the same manner that other reliability 
failure mechanisms are measured. 


For more detailed information on how this data was obtained 
please refer to the reliability section within this Handbook. 


APPLICATIONS 


During the ‘switch between active and standby conditions, 
transient current peaks are produced on the rising and falling 
edges of Chip Enable. The magnitude of these transient 
current peaks is dependent on the output capacitance loading 
of the device. A 0.1 uF ceramic capacitor (high frequency, low 
inherent inductance) should be used on each device between 
Vcc and GND to minimize transient effects. In addition, to 
overcome the voltage drop caused by the inductive effects of 
the printed circuit board traces on EEPROM arrays, a 4.7 uF 
bulk electrolytic capacitor should be used between Vcc and 
GND for each eight devices. The location of the capacitor 
should be close to where the power supply is connected to the 
array. 


TABLE 1. IDENTIFIER BYTES (Notes 1, 2 & 3) 


ose paees aes RS 


Legend: 1 = HIGH 
0 = LOW 


Notes: 1.Ag=120Vt05V 
2. Ay-Ag, A1o-Ai2, CE, OE = ViL 
3. WE = Vip 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature .....................ceeeee -65 to + 150°C 


OPERATING RANGES 


Commercial (C) Devices 


Ambient Temperature with Power Applied .-65 to + 135°C MTG RS OT OF cg v'n so cice suns hee ndngsnteeod aoe 0 to +70°C 
Voltage on All Inputs with Respect Supply Voltage (Vcc +5%)............. +4.75 to +5.25 V 
TDS ESIMED oles n Se Ucunhig bear hea vs seid edaak ds a +7.0 to -1.0 V (Ven: 210%). ues + 4.50 to +5.50 V 
ite Ae. with Respect $135 to -0.6 vy Industrial () Devices 
RR es PM ae he Eee a , 2 Temperature (TC)...........cceeeeeeeeeeeeeeeeee 40 to +85°C 
Stresses above those listed under ABSOLUTE MAXIMUM Supply Voltage (Vcc +5%)............. +4.75 to +5.25 V 
RATINGS may cause permanent device failure. Functionality Ae eee bh) Seip +4.50 to +5.50 V 
“cine atic, tr onorced Porede fan shect deus Extended Commercial (E) and Mitary (M) Devices 
reliability VQTNMORRUND: CEO) fo0sachoes stein aectsenvann -55 to + 125°C 
: Supply Voltage (Vcc +10%) ........... +4.50 to +5.50 V 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified (for APL Products, Group A, 
Subgroups 1, 2, 3 are tested unless otherwise noted) 


| "Smoot | _besognon | ret conanen | aan | rym | mex | unt 
Symbol Description Test Condition Typ. 

[ir | Input Leakage Curent ——=SSS*d WO andssv OT CdTSC“‘«OOC#CSCOA 
[to | Output Leakage Current _——=—=—s«d| Vour=Oanassv | S| SCT Sd) 
[cot | Voo Curent (Stand) | CE=Vn OEM —SSC«dG_SC*C*“‘W”SSC‘dSSC@OS*dSma =i 


Input Capacitance (Note 1, 2) 
Output Capacitance (Note 1, 2) OE = CE = Vin, Vout = 0 V 


Write Inhibit Voltage 


Notes: 1. This parameter is measured only for the initial qualification and after process or design changes which affect capacitance. 
2. Freq. = 1 MHz @ 25°C. 
3. Typical values are for nominal supply voltages. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified (for APL Products, 
Group A, Subgroups 9, 10, 11 are tested unless otherwise noted) 


Am2864AE-205, | Am2864AE- 255,| Am2864AE-305, | Am2864AE-355, 
Am2864AE-200 | Am2864AE-250 | Am2864AE-300 | Am2864AE-350 


ee eee 
oe ee ee 


Output Enable to Output =, 
t Output Enable or Chip 
(Note 1) Enable HIGH to Output 

Float 
toH Output Hold from Address =Ot = 
(Note 1) Change 


[6 [inc | Read yale Tine 


SSS SSS 
ine Output Enable or Chip 
7 (Note 1) ——_ LOW to Output 10 10 10 10 
og eee eee 


Test 
Condition 


Parameter 
Description 


Parameter 
Symbol 


i 


WRITE 


Address to Write Setup 
Time 


= = ieee CE to Write Setup Time 


10 WE or CE Write Pulse 
Width 


See ee eee 
Os (0 a Re se ee eee 
ict = eee SO ee a pee 
BB (ee 
Sk es 5 ae ee a es 


Byte Load Cycle Time pe eee 
Page Write Window 
(Note 3) 
WE or CE Write Pulse 
Byte or Page Write Cycle 
Write Deselect Hold Time 


Notes: 1. This parameter is measured only at the initial qualification and after process or design changes which affect the parameter. 

2. See Reliability Section within this HANDBOOK. 

3. A timer of tww duration starts at every LOW-to-HIGH transition of WE. If it is allowed to time out, a page write will start. A 
transition of WE from HIGH-to-LOW will stop the timer. 

4. When twp maximum time has elapsed or Data Polling indicates the write operation is complete, at least one of the control pins 
must deselect the device (WE HIGH, CE HIGH, or OE LOW). Once the write cycle is complete, the device is available for the 
next operation. 

5. This is the time from deselecting the device (WE or CE = Viy or OE = Vj) to the other control pins becoming don't cares. 
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SWITCHING TEST CONDITIONS 


Output load: 1 TTL gate and Ci = 100 pF 
Input pulse levels: 0.45 V to 2.4 V 


Timing Measurement Reference Levels 


Input: 0.8 V and 2.0 V 
Output: 0.8 V and 2.0 V 


SWITCHING TEST CIRCUIT 


OUTPUT 
UNDER 
TEST 


2.7 kX 
5.0 V 


DIODES = IN3064 
OR EQUIVALENT 


TC002491 
Cy = 100 pF, including jig capacitance. 


SWITCHING TEST WAVEFORM 


INPUT 


TEST POINT 


0.45 V 
OUTPUT 


WF025110 


AC Testing: Inputs are driven at 2.4 V for logic ''1"' and 0.45 V for logic ''0''. Timing measurements are 
made at 0.8 V and 2.0 V. Input pulse rise and fall times are 10 ns. 


SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORMS 


WAVEFORM 
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INPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROMH TOL 


MAY CHANGE 
FROM L TOH 


DON'T CARE; 
ANY CHANGE 
PERMITTED 


DOES NOT 
APPLY 
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OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


WILL BE 
CHANGING 
FROML TOH 


CHANGING; 
STATE 
UNKNOWN 


CENTER 
LINE IS HIGH 
IMPEDANCE 
“OFF” STATE 


KS000010 


SS 


SWITCHING WAVEFORMS (Cont'd.) 


2.4 
ADDRESSES ADDRESSES 
Ao-Ayo VALID 


0.45 


tTACC 
(NOTE 1) 


il 


OUTPUT 


WF025120 


Read 


Notes: 1. OE may be delayed up to tacc-tog after the falling edge of CE without impact on tacc. 
2. tor is specified from OE or CE, whichever occurs first. 
3. tpa is specified from OE or CE, whichever occurs last. 


ADDRESSES a 
a 12) 
tWPH 
— WIVVVV 
CE/WE 
XXXXXX 
OE | AVAVAVAVAVAY, 
= Vit eee se 
toES 
tww 
‘ = rf 
= | XYYXYX 
— VAAMAA 
twp tWH 
‘DH ‘os De 
Vn ee 
005 02)) ae t Nore 
iL as 
tos 'DH 'ps 
WF025132 


Page Write 
Notes: 1. n<32. 
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SWITCHING WAVEFORMS (Cont'd.) 


Vin 
“ory ‘ree ie COON OSCE T TO 


t t 
AS <—#\—- lay twey 


; NXAXKXX 


ae | e 
ee —___RYXKEKEX 
OES 
3 NOTE 1 
WE/RE IH . 
mat, LXXXKXKX 


‘we 
V ‘Ds 'oH 
DATA ey Seer HIGH Z 
(DQo -DQ7) 4 DATA IN > 
Ve coma 
iL 
WF025142 
Byte Write 


Notes: 1. This time period = tcy + trise + twPH. 


‘CH 
CGR re 
Vin 7 
‘WPH 
V 
aos” Mina ; 
eae [\/\ 
Vv 
—_ Va— 
: Ww 
Vie [\/\ 
DATA “IOH : 
Pe DATA IN DATAOUT gf DATAOUT 
(DQp -DQ 7) ( (XYZ) X (XYZ) 
iOL 
t 


(NOTE 1) 
WF025150 


Data Polling 


Notes: 1. When the write cycle is completed (data out TRUE), the user must meet one of the following 
conditions to prevent an accidental write: OE LOW, CE HIGH, or WE HIGH. 
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Advanced 
Am2864BE Micro 
8192 x 8-Bit Electrically Erasable PROM Devices 


DISTINCTIVE CHARACTERISTICS 


@ 5-V only operation @ Data protection features to prevent writes from occur- 

@ Military temperature range available ring during Vcc power-up/down 

@ Self-timed Write Cycle with on-chip latches @ 32-byte page write mode 

@ Ready/Busy pin and Data Polling for end-of-write @ Minimum endurance of 10,000 write cycles per byte with 
indication a 10-year retention. For detailed information, see the 

@ Allows WE and CE controlled Writes reliability section within this Handbook. 


GENERAL DESCRIPTION 


The Am2864BE is a 65,536-bit Electrically Erasable Pro- 
grammable Read-Only Memory (EEPROM) organized as 
8192 words by 8 bits per word. It operates from a single 
5-volt supply and has a fully self-timed write cycle with 
address, data, and control lines latched during the write 
operation. The 32-byte page write mode allows program- 
ming in as little as 2.6 seconds. The Am2864BE is 
fabricated on AMD's highly manufacturable N-Channel 
Silicon gate process, and uses AMD's proprietary EEPROM 


technology to achieve electrically alterable nonvolatile 
storage. This technology employs the industry-accepted 
Fowler-Nordheim tunneling across a thin oxide. 


The Am2864BE provides the on-chip logic necessary to 
interface with most microprocessors. The latched inputs 
and self-timed write cycle free the microprocessor to 
perform other tasks during a write. A transparent automatic 
erase before write enhances system performance. 


BLOCK DIAGRAM 


aS 


MODE SELECT TABLE 


CELL ARRAY 


Data In 


Hi Z 
Hi Z Read Inhibit 
OUTPUT ENABLE - Write Inhibit 
Code 


LATCHES | LATCHES | LATCHES 


= CHIP ENABLE INPUT | Acme: Gala 
PROG. LOGIC LATCH Bove . 
— AND Vpp GEN. Data Polling 
OE 
GND) ——> L= LOW 
r/8 DQ, da, X = Don't Care 
Bpo03056 +4«OCL:« = Pulse 


PRODUCT SELECTOR GUIDE 


ae AmaseaBe-205 Am2864BE-200 | Am2864BE-255 Amass4Be-250 AmassaBe-305| AmaseaBe-305 | AmaseaBe 300 | Amges4Be-355, Am2es4Be-055 Am2864BE-350 
Maximum 

Access 200 ns 300 ns 350 ns 

Time 

Voc 

Supply +5% +10% +5% +10% +5% +10% +5% +10% 
Tolerance : 


Publication # Rev. Amendment 
09626 3 /0 


Issue Date: November 1988 
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CONNECTION DIAGRAMS 
Top View 


DIP 


CD005608 
CD006000 


LOGIC SYMBOL 


Ao —- Ai2 = Address Pins 
CE = Chip Enable 
DQpo — DQ7 = Data Pins 
GND = Ground 
OE = Output Enable 
R/B = Ready/Busy 
Vcc = Power Supply 
WE = Write Enable 
NC = No Connect 


LS002271 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid 
Combination) is formed by a combination of: a. Device Number 

b. Speed Option 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


/ 


AM2864BE - 200 D C B 


eee OPTIONAL PROCESSING 
Blank = Standard Processing 
B = Burn-in 
d. TEMPERATURE RANGE 
C =Commercial (0 to + 70°C) 
| = Industrial (-40 to + 85°C) 
E = Extended Commercial (-55 to + 125°C) 
c. PACKAGE TYPE 
D = 28-Pin Ceramic or Sidebrazed Ceramic DIP 
(CD 028 or SD 028) 
L = 32-Pin Rectangular Ceramic Leadless Chip 
Carrier (CLRO32) 
b. SPEED OPTION 


See Product Selector Guide 


a. DEVICE NUMBER/DESCRIPTION 
Am2864BE 
8192 x 8-Bit EEPROM 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released valid combinations, 
and to obtain additional data on AMD's standard military 
grade products. 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) 
for APL products is formed by a combination of: a. Device Number 

b. Speed Option 

c. Device Class 

d. Package Type 

e. Lead Finish 


AM2864BE -— 200 / 


B xX A 
e. LEAD FINISH 
A =Hot Solder Dip (CD 028 pkg. only) 
d. PACKAGE TYPE 
X = 28-Pin Ceramic or Sidebrazed Ceramic DIP 
(CD 028 or SD 028) 
U = 32-Pin Rectangular Leadless Chip Carrier 
(CLRO32) 
c. DEVICE CLASS 
b. 


/B =Class B 


SPEED OPTION 
-200 = 200 ns 
-300 = 300 ns 
-250 = 250 ns 
-300 = 300 ns 
-—350 = 350 ns 


a. DEVICE NUMBER/DESCRIPTION 
Am2864BE 
8192 x 8-Bit EEPROM 


Valid Combinations Vall Comslogions 
Valid Combinations list configurations planned to be 
AM2864BE-200 supported in volume for this device. Consult the local AMD 
AM2864BE-250 sales office to confirm availability of specific valid 
/BXA, /BUA 


combinations or to check for newly released valid 
combinations. 


AM2864BE-300 
AM2864BE-350 


Group A Tests 


Group A tests consist of Subgroups 
12a Re at. 
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FUNCTIONAL DESCRIPTION 
Read Mode 


The Am2864BE has two control functions which must both be 
logically satisfied in order to obtain data at the outputs. Chip 
Enable (CE) is the power control and should be used for 
device selection. Output Enable (OE) is the output control and 
should be used to gate data to the output pins independent of 
device selection. Assuming that addresses are stable, address 
access time (tacc) is equal to the delay from CE to output 
(tce). Data is available at the outputs tog after the falling edge 
of OE, assuming that CE has been LOW and addresses have 
been stable for at least tacc-tog. 


Standby Mode 


The Am2864BE has a standby mode which reduces the active 
power dissipation by 50%, from 735 mW to 368 mW 
(Vcc +5%). The Am2864BE is placed in the standby mode by 
applying a TTL HIGH signal to the CE input. When in the 
standby mode, the outputs are in a high-impedance state, 
independent of the OE input. 


Data Protection 


The Am2864BE incorporates several features that prevent 
unwanted write cycles during Vcc power-up and power-down. 
These features protect the integrity of the stored data. 


To avoid the initiation of a write cycle during Vcc power-up 
and power-down, a write cycle is locked out for Vcc less than 
3.0 volts (typical 3.3 V). It is the users's responsibility to ensure 
that the control levels are logically correct when Vcc is above 
3.0 volts. 


There is a WE lockout circuit that prevents WE pulses of less 
than 20 ns duration from initiating a write cycle. 


When the OE control is in logic zero condition, a write cycle 
cannot be initiated. 


Write Cycle Control Pins 


For system design simplification, the Am2864BE is designed 
in such a way that either CE or WE can be used to initiate a 
write cycle. During a system write cycle, the address is latched 
into the internal address latches upon the last falling edge of 
WE or CE providing that OE is a logic ''1"'. The first rising edge 
of WE or CE latches the data into the data latches. All setup 
and hold times are with respect to the WE signal. 


To simplify the following discussion, the WE pin is used as the 
write cycle control pin throughout the rest of this functional 
description. 


Page Write Mode 


The page write allows from 1 to 32 bytes of data to be written 
into the EEPROM in a single write cycle. The page write mode 
consists of a load sequence followed by an automatic write 
sequence. 


During the load portion, sequential WE pulses load the byte 
address and the byte data into a 32-byte register. The bytes 
can be loaded into this register in any order. On each WE 
pulse, the ''Y'' address is latched on the falling edge of WE, 
the data input is latched on the rising edge of WE, and the 
page address (As-Aj42) is latched on the falling edge of the last 
WE. Note that in order for a write to occur, CE and WE must 
be LOW and OE must be HIGH. The load portion of the page 
write is complete when all the data (up to 32 bytes) is loaded 
into the register. 


The automatic write portion starts tww after each transition of 
WE from LOW-to-HIGH. If WE transitions from HIGH-to-LOW 
before tww minimum (100 ws), the timer is reset and the 
automatic write portion does not start. This is how the bytes 
are loaded into the register. If WE is held LOW, this tww timer 
never starts and the write cycle is held indefinitely. 


When a write pulse is not given to the device within the tww 
minimum time (100 us) from the rising edge of the previous 
write pulse, the automatic write sequence is initiated. At 
completion of the automatic write sequence (twp maximum 
time has elapsed, or Data Polling or R/B indicates the write 
operation is complete), at least one of the control pins must 
deselect the device from accidental writes (OE LOW, CE 
HIGH, or WE HIGH). 


The automatic write sequence consists of an erase cycle, 
which erases any data that existed in each addressed cell; and 
a write cycle, which puts data back into the erased cells. Note 
that a page write will only write data to the locations being 
addressed and will not rewrite the entire page. The 
Ready/Busy pin (R/B) goes to a logic LOW level during the 
automatic write sequence. This could signal a microprocessor 
host that the system bus is free for other activity. When R/B 
transitions to a HIGH state, the Am2864BE has completed 
writing and is ready to accept another cycle. 


Byte Mode Write 


When WE is toggled once, the Am2864BE operates in the 
byte mode. A single byte is loaded into the register, and after 
WE goes HIGH, and tyw is satisfied, the automatic write cycle 
starts. It is in this mode that the Am2864BE is similar to the 
Am9864. 


Auto Select Mode 


The auto select mode allows the reading out of a binary code 
from an EEPROM that will identify its manufacturer and type. 
This mode is intended for use by programming equipment for 
the purpose of automatically matching the device to be 
programmed with its corresponding programming algorithm. 
This mode is functional at 25°C +5°C ambient temperature. 


To activate this mode, programming equipment must force 
11.5 V to 12.5 V on address line Ag of the Am2864BE. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address line Ao from Vj, to Vjy. All other 
address lines must be held at Vj, during auto select mode. 


Byte 0 (Ao = Vi.) represents the manufacturer code and byte 
1 (Ao = Vip) the device identifier code. For the Am2864BE, 
these two identifier bytes are given in Table 1. All identifiers for 
manufacturer and device codes will possess odd parity, with 
the MSB (07) defined as the parity bit. 


Output OR-Tieing 


To accommodate multiple memory connections, a two-line 
control function is provided to allow for: 


1. Low memory power dissipation, and 
2. Assurance that output bus contention will not occur. 


It is recommended that CE be decoded and used as the 
primary device-selecting function, while OE be made a com- 
mon connection to all devices in the array and be connected 
to the read line from the system control bus. This assures that 
all deselected memory devices are in their low-power standby 
mode and that the output pins are only active when data is 
desired from a particular memory device. 


i 
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Ready/Busy Pin 


The Ready/Busy (R/B) pin is an open-drain output which 

allows two or more R/B signals to be OR-tied together. The 

value of the pullup resistor required is as follows: 7 
4.6 volts 


24 mA -l, 2 
li = total Vi_ input current of devices connected to R/B 


Rou 


A typical pullup resistor value for R/B is 3 kQ, assuming |j,_ is 
less than 0.5 mA. 


Data Polling 


Data Polling makes the Am2864BE highly flexible. It allows the 
designer the option of a software polling technique as well as 
the hardware interrupt Ready/Busy technique for end-of-write 
indication. Data Polling requires a simple software routine that 
performs a read operation when the chip is in the automatic 
write mode. The data that becomes valid during this Data 
Polling read is the inverse of all 8 bits last written to the 
outputs. The true data (DQ9 — DQ7) will become valid when 
the automatic write has been completed. Note that all 8 bits 
invert during Data Polling, thereby giving the user more 
flexibility during design and layout. 


Chip Clear Mode (Military only) 


Another feature included on AMD's Am2864BE for military 
applications is a single-pulse chip erase. This optional mode 
allows the user to program all bits to a iogic ONE with a single 
10-ms write. Additional information is available from AMD 
regarding this test mode — consult the local AMD sales office. 


Endurance 


Since endurance testing is a destructive test, it is sampled and 
not 100% tested. To test for endurance, a sample of devices 
are written 10,000 times and checked for data retention 
capability. 


There is one main failure mechanism associated with endur- 
ance failures in EEPROMs. This failure mechanism is due to 
charge trapping in the thin tunneling dielectric. At a point when 
the amount of trapped charge creates an electric field that 
exceeds the dielectric breakdown of the oxide, the oxide 
becomes conductive and reliable storage of charge on the 
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floating gate is no longer possible. This results in the failure of 
a single bit to properly write and retain data. 


There are three different failure rates associated with this 
failure mechanism, and the failure rates are a function of the 
number of write cycles. For less than a few hundred write 
cycles, the failure rate is relatively high. During AMD testing, 
each part is written hundreds of times to allow those cells that 
would be infant-mortality failures to be screened out. For the 
next 20,000 to 30,000 write cycles the failure rate is low. It is in 
this region that AMD EEPROMs are operated. Somewhere 
above this region, typically well above the guarantee of 104 
total write cycles, the failure rate again starts increasing. 


The endurance failure rate is a function of the number of write 
cycles that the part has experienced. All parts that pass the 
AMD test screens will write a minimum of 10,000 times and 
retain data for a period of ten years at every byte location with 
a maximum failure rate of 5%. In other words, 5% (maximum) 
of a sample of devices will fail to write or to retain information 
after write if they are written 10,000 times. Those devices that 
fail will typically have a single bit that fails to retain the correct 
data after being written. This failure rate is measured from a 
sample of devices, in the same manner that other reliability 
failure mechanisms are measured. 


For more detailed information on how this data was obtained, 
please refer to the reliability section within this Handbook. 


APPLICATIONS 


During the switch between active and standby conditions, 
transient current peaks are produced on the rising and falling 
edges of Chip Enable. The magnitude of these transient 
current peaks is dependent on the output capacitance loading 
of the device. A 0.1-uF ceramic capacitor (high-frequency, low 
inherent inductance) should be used on each device between 
Vcc and GND to minimize transient effects. In addition, to 
overcome the voltage drop caused by the inductive effects of 
the printed circuit board traces on EEPROM arrays, a 4.7-yuF 
bulk electrolytic capacitor should be used between Vcc and 
GND for each eight devices. The location of the capacitor 
should be close to where the power supply is connected to the 
array. 


TABLE 1. IDENTIFIER BYTES (Notes 1, 2 & 3) 


| Bar | DG. | BGs | G4 | DG: | Da | Da: | D> | Hex 


Menutacwrer ose | wu | 0 [0 | 0 | «| ofofof+|a_ 


Legend: 1 = HIGH 
0 = LOW 


Notes: 1.Ag=120VtO05V 
2. Ai-Ag, Aio-At2, CE, OE = ViL 
3. WE = Vip 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature .................c cece eee -65 to + 150°C 
Ambient Temperature with Power Applied .-65 to + 135°C 
Voltage on All Inputs with Respect 


BY SAns aoccces See touc teres Cress accssiix forests +6.50 to -0.6 V 
Voltage on Ag with Respect 
MTA) ia ge 0 cep Gat ios cage hades ae Gees +13.5 to -0.6 V 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


OPERATING RANGES 


Commercial (C) Devices 


PTO ares cannes detewis wiataaeenetete 0 to +70°C 
Supply Voltage (Vcc +5%)............. +4.75 to +5.25 V 
Wer 210%) cc ciescas + 4.50 to +5.50 V 
Industrial (1) Devices 
FOTO ETE) acd race fv aketaad ceva cncduvwe -40 to +85°C 
Supply Voltage (Vcc +5%)............. + 4.75 to +5.25 V 
a eee a Lhe) Seer + 4.50 to +5.50 V 
Extended Commercial (E) and Military (M) Devices 
TOTEM OSCE) ovace tru scx tev ines pennant -55 to +125°C 
Supply Voltage (Vcc +10%) ........... +4.50 to +5.50 V 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified (for APL Products, Group A, 


Subgroups 1, 2, 3 are tested unless otherwise noted) 


Parameter Parameter 
Symbol Description Test Condition Typ. 
[—*(| input Leakage Curent =| MeO andssv | || tT 


Vcc Current (Active) OE = CE = ViL 


Input LOW Voltage 


Input HIGH Voltage 


gay. aes 

Lee eee 

A 2s Gakew 

[Output HIGH Vottge ———SS—*d toa A SCSC~=“‘“dCSC STC 
eee oe 

Beem Soe ee 

Eo an 

30 | 33 


Output Capacitance (Note 1, 2) OE = CE = Vin, Vout =0 V 
Write Inhibit Voltage LS | IES 


=CE = 
AVE Output LOW 
= CE = Vin, i 


Bee Sis ab Fea Nal Ss 
Ries iene 
RET i eae pe OE RE 2S 
eiaecine Go 
2 ae 
Sle eae CET 8 
ae BE 


Notes: 1. This parameter is measured only for the initial qualification and after process or design changes which affect capacitance. 


2. Freg. = 1 MHz @ 25°C. 
3. Typical values are for nominal supply voltages. 


Am2864BE 


3-119 


SWITCHING CHARACTERISTICS over operating ranges (for APL Products, Group A, Subgroups 9, 10, 11 are 


tested unless otherwise noted) 


Am2864BE-205, | Am2864BE-255, | Am2864BE-305, | Am2864BE355, 


Am2864BE-200 | Am2864BE-250 | Am2864BE-300 | Am2864BE-350 
Parameter Parameter Test 


Description Condition 


Output Enable or Chip 
Enable HIGH to Output Float 


Output Hold from Address 
Change 


Read Cycle Time a Ses Se 


Ele eae So ees ee 
10 10 1 


Enable LOW to Output 

Active 

Ratross to Wie Setup Tine (i eee = See vee 
CE to Write Setup Time 

WE or CE Write Pulse Width 


oO 


tDA 
(Note 1) 


are 
oa 
oO 


E 
FTime to Devs Busy [| 


Page Write Window 
' WE or CE Write Pulse HIGH 
WH Time 
t Byte or Page Write Cycle 
WB Time (Note 4) 
t Write Deselect Hold Time - 10 
WPH (Note 5) 


Notes: 1. This parameter is measured only at the initial qualification and after process or design changes which affect the parameter. 

2. See Reliability Section within this HANDBOOK. 

3. A timer of tww duration starts at every LOW-to-HIGH transition of WE. If it is allowed to time out, a page write will start. A 
transition of WE from HIGH-to-LOW will stop the timer. 

4. When twp maximum time has elapsed or Data Polling (or R/B) indicates the write operation is complete, at least one of the 
control pins must deselect the device (WE or CE = Viv, or OE = Vi). Once the write cycle is complete, the device is available 
for the next operation. 

5. This is the time from deselecting the device (WE or CE = Vy or OE = Vj.) to the other control pins being a don't care. 


— 


~—w 
oO 


tas 
tcs 
twp 
tAH 
tDH 


—i 
oO 


ees 
es 
eee 
a 
(eee 
poe 2 = 
Sas 
toe | 
fog ae 


—_—_—_—_—_———__??. 


3-120 Am2864BE 


SWITCHING TEST CIRCUIT 


Switching Test Conditions ‘UNDER. oe 5.0 V 


TEST 


Output load: 1 TTL gate and Cy, = 100 pF 


Input pulse levels: 0.45 V to 2.4 V DIODES = IN3064 


eer OR EQUIVALENT 
Timing Measurement Reference Levels 
Input: 0.8 V and 2.0 V 
Output: 0.8. V and 2.0 V <haane 


Cy = 100 pF, including jig capacitance. 


SWITCHING TEST WAVEFORM 


4 
TEST POINT 
a 0.8 V 
0.45 V 


INPUT OUTPUT 


WF025160 
AC Testing: Inputs are driven at 2.4 V for logic ''1"' and 0.45 V for logic ''0"'. Timing measurements are 
made at 0.8 V and 2.0 V. Input pulse rise and fall times are 10 ns. 


SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


MUST BE WILL BE 
STEADY STEADY 


WILL BE 
CHANGING 
FROMH TOL 


MAY CHANGE 
FROMH TOL 


WILL BE 
CHANGING 
FROML TOH 


MAY CHANGE 
FROML TOH 


DONT CARE; CHANGING; 
ANY CHANGE STATE 
PERMITTED UNKNOWN 


CENTER 
DOES NOT LINE !S HIGH 
APPLY IMPEDANCE 

“OFF” STATE 


KS000010 
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SWITCHING WAVEFORMS (Cont'd.) 


2.4 
ADDRESSES 
Ag-Ai2 
0.45 


ADDRESSES 
VALID 


<g—-——__-— tacc 
(NOTE 1) 


od 


OUTPUT HIGH Z 


WE = Vii, 


WF025180 


Read 


Notes: 1. OE may be delayed up to tacc-tog after the falling edge of CE without impact on tacc. 
2. tor is specified from OE or CE, whichever occurs first. 
3. tpa is specified from OE or CE, whichever occurs last. 


ADDRESSES ADORAD 
(AgAi2 Bore 33 
tweu 
= VAVAVAVAVAY, 
CE/WE 
XXX KX 
| 'CH 
OE VVVVVV 
23 Vie XXKKKX 
‘oes 
+— tww 
. : Ee 
wos VAVAVAVAVAY, 
os XXXXXX 
twe tWH 
'DH ‘os toy 
MH ans 
oft, cos acs ae a 
It sor 
. : ‘oH tos | 
OS fa 
HIGH Z 
RB HIGH Z = 
Vo.— 
WF025202 


Page Write 
Notes: 1. n<32. 
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SWITCHING WAVEFORMS (Cont'd.) 


Vv 
a, CCR (IA NNNNNS 


‘AS TAH +$—— twpx 


sci = 
on RELL 
a 
Vin 
= \WAVAVAVAVAVAV, 
3 Vi Tae hese NXXXX XX x 
’ NOTE 1 
we/ce |H ‘ 
; Sa 


V 
DATA as HIGH Z 
(DQ -DQ7) 4 DATA IN oe 
‘i 


RB HIGH Z HIGH Z 


Yon 
WF025172 
Byte Write 
Notes: 1. This time period = tcy + tRise + twPH. 
'CH 

me Nia he 

Vig 

'WPH 


i 


FS 
_< 
pe 

ore 
>< 
S2 


DATA = 1OH DATA IN DATAOUT \gt DATAOUT 
(DQ_ -DQ 7) Vv (XYZ) ’ 4 (XYZ) A. (XYZ) 
IOL 
RB HIGH Z HIGH Z 
7 
WF025190 


Data Polling 


Notes: 1. This is shown for single byte write. In page write, R/B goes LOW on first LOW-to-HIGH transition 
of WE. 
2. When the Write cycle is completed (R/B is HIGH or data out TRUE), the user must meet one of 
the following conditions to prevent an accidental write: OE LOW, CE HIGH, or WE HIGH. 
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WHY USE EEPROMS? 


A wide spectrum of memory devices have been devel- 
oped to fill particular needs. Read-Only Memories 
(ROMs) have high density and fast data access. The 
biggest disadvantage is the production volume required 
with an unalterable data pattern. Random-Access 
Memories (RAMs) may be easy to use and very fast to 
read and write, but cannot hold their data without power. 
Programmable Read-Only Memories (PROMs) can hold 
their data without power, but can only be programmed 
once. UV-Erasable PROMs (EPROMsS) are reprogram- 
mable, but must be removed from the system to do so. 
Electrically Erasable PROMs (EEPROMs) combine the 
advantages of the RAM and EPROM to offer a wide 
range of features which include: 


e 5-V only operation 


e |n-system reprogrammability with RAM-compat 
ible control signals 


e Page write capability 
¢ 10-year data retention 
e Full military temperature range 


The limitations of EEPROMs are the limited number of 
Write Cycles—10K cycles (endurance) and the write 
time. 


EEPROM APPLICATIONS 


EEPROMS are used in many varied applications where 
a combination of non-volatility and occasional repro- 
gramming are required. Some of these “read-mostly” 
applications are listed here. 
¢ Computers and Peripherals 

- Computer configuration 

- Tape and disk drives 

- CRT terminals 

- Printers 


e Communications 
- Data encryption 
- Radio telephones 
- Telephone configuration 
- Office equipment configuration 


e Consumer 
- Appliance features 
- Smart credit cards 
- Automatic tellers 
- Games 

e Industrial 
- Process and numerical control 
- Robotics 
- Transducers 
- Engine control 
- Data logging 


e Instrumentation 
- Medical equipment 
- Test equipment 
- Portable equipment 


¢ Military 
- Flight recorders 
- Terrain mapping 
- Portable equipment 
- Bomb fuses 


Am2864AE and Am2864BE 
USER BENEFITS 


Requires No Additional Glue Logic (Operates on 5 V) 
These are AMD’s most advanced 64K EEPROMS. Origi- 
nally, EEPROMs required 21 V for programming as well 
as external timing and latch circuits. The Am2864AE and 
Am2864BE incorporate: 

- a high-voltage generator 

- address and data latches 

- filtering and timing circuits 


This results in an easier and less expensive design 
requiring less PC board space. 
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False Write Protection 


When a system is powering up or down, the voltage 
levels on the pins fluctuate. This may result in the 
initiation of an unwanted Write Cycle. This situation is 
minimized by locking out the Write Cycle when V,,, is 
below 3.0 V. The Output-Enable and Write-Enable pins 
must also be in the correct and opposite states to initiate 
a Write Cycle. 


Faster Write Cycle—Page Write Mode 


One to 32 bytes may be written into the page-mode 
buffer in a single Write Cycle. Once the write window 
closes, the Am2864AE/BE gets off the system bus and 
writes to the desired bytes in the page window within a 10 
ms (Max.) period. This mode will write data only to the 
locations being addressed, and will not affect the endur- 
ance of the unselected bytes. With page mode, an entire 
8K-byte memory array may be written in 2.6 seconds. 


Data Polling 

This is a software technique for detecting the end of the 
non-volatile Write Cycle. In multi-chip systems, new 
Write Cycles can begin as soon as the device examined 
has completed the previous non-volatile Write Cycle. 


Ready/Busy Pin 


Pin 1 onthe Am2864BE DIP (pin 2 on the LCC version) 
provides a hardware interrupt to the CPU to indicate 
when the Write Cycle is complete. On the Am2864AE, 
pin 1 is a No Connect. 
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PROCESS AND TECHNOLOGY 


AMD’s EEPROM technology is based on the highly 
successful N-channel EPROM process that has had 
years of manufacturing history at AMD. To achieve the 
goal of electrical erasability, an additional masking step 
was added so that a small region of thin, high-quality 
tunnel oxide could be located between the memory cell 
drain and the floating polysilicon gate. An idealized 
cross- section of the memory cell is shown in Figure 1. A 
top view of the cell is shown in Figure 2. 


Compared to an EPROM, an additional (enhancement) 
transistor has been added (word line select) to the cell, as 
depicted in Figure 2-3. This transistor has two functions: 
to prevent leakage during read in non-selected dis- 
charged cells since they have a negative threshold, and 
to protect non-selected EEPROM cells onthe same word 
line during charge. The tunnel-oxidation process was 
developed to result in a reproducible ultra-high quality, 
thermally grown oxide (of approximately 100 A thick- 
ness) capable of withstanding the high fields associated 
with Fowler-Nordheim tunneling through a thin oxide. 
This approach to EEPROM memory permits a high 
degree of synergy between the EEPROM and EPROM 
technologies. The technology advances made for 


DEPOSITED OXIDE 


POLYSILICON 
SELECT GATE 


METAL BIT LINE 


ANA 


a \\ (ean 
Wy rrr WS 


EPROMs can, for the most part, be carried over and be 
of benefit to EEPROMs. A key example is the require- 
ment of high-quality, very low leakage oxide between the 
two levels of polysilicon. 


The NS-18 process used for the fabrication of the 
Am2864AE and Am2864BE utilizes 5X stepper lithogra- 
phy. AMD’s six-inch wafer fabrication area is located in 


_ Austin, Texas. The key features of the N-channel MOS 


floating gate technology include: 


¢ 100A thermally grown tunnel oxide 
e Polysilicon floating gates and word lines 
e Silicon-doped aluminium metallization 


¢ A sacrificial gate oxide to ensure quality of the 
finished (regrown) gate oxide 


¢ Cell size: 188 u? 

¢ Contact size: 2 u 

¢ Gate width: 2 u 

¢ Metal pitch: 6.75 uw 

e Junction depth: .5 p 

e Die size: 201 x 231 mils 


POLYSILICON 
CONTROL GATE FLOATING 


GATE 


PII —-4 JITTL 
Laz fj ttt 


AN 


ee ee ae 


DIFFUSED 
DRAIN 


DIFFUSED 
SOURCE 


TUNNELING 
REGION 


10324A-001A 


Figure 1. Am2864AE/BE Cell Cross-Section 
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BIEZ 


POLYSILICON 
SELECT GATE 


POLYSILICON 
CONTROL GATE 


TUNNELING 
REGION 


DIFFUSED 
SOURCE 


10324A-002A 
Figure 2. Am2864AE/BE Cell—Top View 


SELECT CONTROL 
GATE GATE 


eee 


k * sae 


DRAIN PRS ies Down Baas. bie SOURCE 


10324A-003A 


Figure 3. EEPROM Memory Cell 
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NOTE ON FLOATING-GATE CHARGE 
STORAGE | 


EEPROMs exploit floating-gate charge storage to 
achieve non-volatile storage of data. The charge is 
stored on an oxide-encapsulated polysilicon gate (see 
Figure 1. The “floating” gates offer excellent charge- 
retention characteristics. When the floating gate is 
charged negatively (electrons on floating gate), the 
source/drain current in the floating-gate transistor is 
essentially zero, as the negatively charged floating gate 
has induced positive charge accumulation under the 
gate, blocking any current flow between the n+ source/ 
drain areas. When the floating gate is charged positively 
(lack of electrons on the floating gate), the source/drain 
current is very high, as the positively charged gate has 
induced an n-type channel under the floating gate, allow- 
ing conduction between the n+ source/drain areas. 


Programming the floating-gate transistor is achieved by 
applying high voltages to the cells in question so that 
electrons are deposited on, or erased from, the floating 


SELECT 
GATE 
20 V 


CONTROL 
GATE 
20 V 


a. Programming a "1" on an EEPROM Memory Cell 


gate. To program a “one”, electrons must be “tunneled” 
onto the floating gate. The voltages required to achieve 
this are shown in Figure 4a. Electrons are supplied from 
the diffused drain (see Figure 1), which is held at 0 V 
potential. These electrons are conducted in the channel 
of the select-gate transisitor, which is turned “on” as the 
select-gate voltage approaches 20 V. The control-gate 
voltage also approaches 20 V. Electrons are now avail- 
able at the n+ side of the tunnel oxide, and may “tunnel” 
onto and be stored on the floating gate. To programa 
“zero”, electrons must “tunnel” (be erased) off of the 
floating gate. The voltages required to achieve this are 
shown in Figure 2-4b. Electrons are available from the 
floating gate. The diffused drain is raised to 20 V, as is 
the select gate, while the control gate is held at0 V. The 
electrons may now “tunnel” from the floating gate, 
through the thin oxide to the n+ diffusion under the thin 
oxide, and be conducted through the channel under the 
select-gate transistor to the diffused drain. 


SELECT 
GATE 
20 V 


CONTROL 
GATE 
0.0V 


10324A-004A 


b. Programming a "0" on an EEPROM Memory Cell 


Figure 4. Programming on an EEPROM Memory Cell 
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SELECT 
GATE 
5V 


CONTROL 
GATE 
1V 


a. Programming a "1" on an EEPROM Memory Cell 


SELECT 
GATE 
5V 


CONTROL 
GATE 
1V 


10324A-005A 


b. Programming a "0" on an EEPROM Memory Cell 


Figure 5. Reading on an EEPROM Memory Cell 


Figures 5a and 5b illustrate the cell operation during a 
“read” of the memory cell. Figure 5a, for a programmed 
transistor, will be read by applying approximately 5 V to 
the select gate and approximately 1 V to the control gate. 
Since the floating gate has been programmed to “one” 
(electrons on the floating gate), the floating-gate transis- 
tor does not conduct current from source to drain. The 
current (available through the “generic” resistor IRL) is 
made available to the sense amplifier, and is read as a 
“one”. In Figure 5b, the floating gate has been pro- 
grammed to zero (electrons “erased” from the floating 
gate). In the selected state, it will conduct source/drain 
current to ground, depriving the sense amplifier of cur- 
rent, and reading a “zero”. 


NOTE ON CHARGE TUNNELING 


Since EEPROMs rely on electron tunneling through thin 
oxides, an explanation of how these charges move from 
a semiconductor (polysilicon) through an insulator (sili- 
con dioxide) is useful. 


Consider the silicon-to-silicon-dioxide interface at equi- 
librium. The energy difference between the conduction 
and valence bands in silicon is approximately 1.1 eV. 
The difference between the conduction and valance 
bands in silicon dioxide is approximately 9 eV. When 
these materials are joined, the conduction band of 
silicon dioxide is approximately 3.25 eV above that of 
the silicon. Because an electron possesses a thermal 
energy of only approximately 0.025 eV at room tempera- 
ture, the probability of an electron in silicon gaining 
enough energy to overcome the difference in energy 
and emerge in the conduction band in silicon is quite 
small (see Figure 6a). 


However, under the presence of a strong electric field, 
the energy bands will become distorted, as in Figure 6b. 
Under these circumstances, a finite probability exists 
that an electron in the silicon may “tunnel” through the 
energy barrier and emerge in the conduction band of 
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CONDUCTION BAND 


1.1 eV 


VALENCE BAND 


VALENCE BAND 


10324A-006A 


Figure 6a. Energy Band During Equilibrium 


silicon dioxide. It may now pass through the insulation 
and be “stored” on the floating gate. By reversing the 
electric field, the electron can be removed from the 


floating gate through the tunnel oxide in a similar fashion. 


10324A-007A 
Figure 6b. Energy Band During Tunneling 


This effect was first observed by Fowler and Nordheimin 
the early 1900’s for electrons emitted from metals in a 
vacuum. In 1969, Lenzlinger and Snow observed the 
phenomenon in the silicon dioxide system. 
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The reliability of AMD’s NS-18 process used in the 
fabrication of 64K EEPROMs is described in this report. 
The reliability monitors used at AMD were designed 
to predict the future operating life results by accelerat- 
ing failure rates. The monitors include data from endur- 
ance testing, data retention, high-temperature operating 
life (HTOL), and temperature cycling. These reliability 
monitors were designed to catch specific kinds of failure 
mechanisms, such as endurance failures, oxide failures, 
and read disturb failures. The qualification data for the 
Am2864AE/BE was not completed when this _ report 
was published. The Am2864B uses the same process 
as the Am2864AE/BE. The following Am2864B data 
demonstrates that the NS-18 process is highly reliable. 


FAILURE MECHANISMS AND RELATED 
RELIABILITY DATA 


The failures of an EEPROM memory are very closely 
related to the nature of the cell. Since the cellis a floating- 
gate cell with a thin tunnel oxide region, the failure modes 
are logically the well- understood EPROM failures, plus 
those associated with the presence of the tunnel oxide. 
Each of these failure modes is described in the 
following section. 


EPROM-Type Cell Failure 


Because the excellent charge retention of floating-gate 
structures has been proven on EPROMS, the failure rate 
is very low. However, EPROM-type failures are typically 
single-bit failures; the cell can be programmed and 
erased, but cannot retain the information over a long 
period of time. This is due to a charge loss or charge gain 
through the gate or interpolysilicon oxide of the cell. 
The screening methods included in the standard test 
flow are similar to those used for EPROMs.They in- 
clude a high-temperature bake (at 200°C) and adynamic 
burn-in (at 150°C). The design of the Am2864AE/BE 
incorporates margin testing capabilities that allow the 
detection of shifts in any of the cell thresholds due 
to charge loss. 


Peripheral-Oxide Failure 


To charge and discharge an electrically erraseable EE 
cell array, high voltages (~20 V) are generated in the 
peripheral circuitry and applied to each cell via the ac- 
cessing circuitry. Because an EEPROM must endure at 
least 10* cycles, numerous peripheral-gate oxides are 
subjected to high electric fields, resulting in possible 
breakdowns. Standard oxide-screening techniques and 
careful internal V,,, control are used in the test flow to 
minimize this problem. 


Table 1. EEPROM Reliability Monitor Data 
(From 1/1/84 to 12/31/87) 


No Sample 
Type of Stress Lots Size 
Early life, 160 hours, 125°C 12 3,017 
HTOL, 1000 hours, 125°C 6 718 
HTOL, 1000 hours, 150°C 12 874 
Temperature Cycle, 10 497 


1000 cycles, -65 to 150°C 


Failure Failure 

No. Failure Rate at Rate at 

Rej. Rate "50°C" 70°C** 
3 0.1 - - 

0 0.13 31 FITS 77 FITS 

0 0.11 9 FITS 23 FITS 
1 0.20 - - 


All units in early life and HTOL stresses are dynamically exercised while in stress. 


* Failure rate calculated using 60% upper confidence level at test temperature. 
“ Failure rates calculated using activation energy of 0.6 eV in FITS (failures per billion unit hours). 
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Read-Disturb Mechanism 


During the reading of an EE cell, the voltage applied 
between the drain and the control gate of the cell may 
induce a very weak Fowler-Nordheim tunneling that 
can modify the charge of the floating gate. A very long 
stress is necessary to detect a shift in threshold voltage 
of the cell. In the Am2864AE/BE the drain voltage 
during read has been set very close to the control-gate 
voltage to minimize the electric field across the tunnel 
oxide. Figure 1. illustrates an accelerated read-disturb 
experiment for a single typical cell, andthe worst-case 
cell in the array. The voltage applied on the drain (4 V) 
creates an acceleration factor of 10° for the tunneling 
current, compared with normal (1.5 V) read conditions. 
This clearly shows that even the worst bit cell of the 
array keeps enough charge after ten years to assure 
correct reading. 


Thin-Oxide Failures 


These are single-bit failures Caused by tunnel-oxide 
breakdown or degradation due to charge trapping that 
may occur during the programming of the cell. A cata- 
strophic tunnel-oxide breakdown can be immediately 
detected since the cell cannot be written. A degradation 
of the tunnel oxide induces leakages that will affect the 
data retention of the cell. 


ACCELERATED 10! 10° 10° 104 
SCALE 

NORMAL 104 10° 10® 107 
SCALE 


The following parameters affect this failure mechanism: 


1) The maximum value of the electric field across the 
tunnel oxide during programming has to be kept 
as low as possible. The Am2864AE/BE uses a Cell 
that inherently minimizes this value (lower coupling). 
The internally generated V,, is trimmable to +1.0 V 
around its normal value to compensate for process 
variations. A1-ms V,,, rise time reduces the 
maximum transient electric field across the tunnel 
oxide. 


2) The amount of charge that tunnels through the 
thin oxide is directly related to the number of write- 
erase operations. The Am2864AE/BE is specified for 
10* cycles. 


3) The quality and thickness uniformity of the tunnel 
oxide. 


Screening for thin oxide failure is more complex because 
each write operation may alter the electrical properties of 
the tunnel oxide. Nevertheless, Figure 2. shows that 
thin-oxide failures follow a classical “bathtub” failure 
curve that makes the cycling performed during the test 
flow very effective in screening most of the thin oxide 
failures. 


TYPICAL BIT 


WORST-CASE BIT 


10324A-008A 


Figure 1. Accelerated Read Disturb 
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Figure 2. Thin-Oxide Failures 


Endurance Testing 


During 2864B endurance testing (Table 2), each byte 
of the memory is written and erased 10* times. At the 
end of the 10*cycles, the integrity of each bit is checked 
by an Erase-Write-Read Cycle and a 24-hour 250°C 
bake followed by a read. A damaged tunnel oxide loses 


charge in a few hours. Since the degradation is due to 
multiple Write-Erase Cycles, this charge loss must be 
considered an endurance failure. During 2864B 100K 
endurance testing (Table 3), each byte of memory is 
written and erased 100,000 times (total). The integrity of 
each bit is checked at each point by an Erase-Write-Read 
Cycle and a 24-hour 250°C bake followed by a read. 


Table 2. Am2864B Endurance Data 


Number Number of Failures After Percent 
of Devices 10‘ Write-Erase Cycles Failure 
150 2 -— Charge Loss 2.0 
(4 lots) 1 —- Fails to Program 
Prior to Bake 
3 —- Total 
Table 3. Am2864B 100K Endurance Test 
7-V V,,.—60 Units 5.5-V V..—138 Units 
Read Point (Cycles) (3 Lots) # Fail (4 Lots) # Fail 
10K 0 0 
20K 2 5 
100K 25 29 
Total Fail 27 34 
% Fail/10K (Cycles) 4.5 2.46 
# Bits Charge Loss 23 23 
# Bits Charge Gain 22 19 
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Table 4. 2864B Data Retention Bake (250°) Reliability 


Sample 168 500 
Size Hours Hours 
323 2 2 

(3 lots) 


Failure Rate’: 3.2 
Failure Rate at 55°C“: 12 FITS 
Failure Rate at 70°C”: 30 FITS 


668 1000 Cumulative 
Hours Hours Failures 
5 0 3 


* Failure rate calculated using 60% confidence level at test temperature. 
“ Failure rates calculated using activation energy of 0.6 eV in FITS (failures per billion unit hours). 
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Figure 3. Failure Rates 


Figure 3 shows the failure rate as a function of number of 
cycles. Since most of the infant mortality has been 
screened during the test flow, this failure rate only slightly 
decreases with the number of cycles. 


The 7-V V,,, has been estimated to have a 2X-6X accel- 
eration factor as compared to the 5.5-V V_,. 


SUMMARY 


In this report we discussed a number of different 
EEPROM failure mechanisms. 


The Am2864AE/BE data-retention results are compa- 
rable to those found on EPROMs. There is no read- 
disturb problem, and once written, the memory can be 
read indefinitely. Endurance failures (mainly through 
tunnel oxide degradation) are the maincontributors to the 
overall failure rate. 
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COMPETITOR CROSS-REFERENCE 
GUIDE 


The following table serves as a cross-reference guide for 
competitive EEPROM devices. In some cases, AMD’s 
devices are exactly equivalent. In others, there are AC 


and DC timing and operating characteristics that are 
different. Please consult the data sheets or your local 
AMD representative for more details. 


Table 1a. XICOR Functional Equivalence 


XICOR AMD XICOR AMD 
“A” Series—28-Pin DIP “A” Series—32-Pin LCC (continiued) 
COMMERCIAL MILITARY TEMP 
X2864AD-25 Am2864AE-255DC * X2864AEM-25 Am2864AE-250LE 
X2864AD Am2864AE-305DC * X2864AEM Am2864AE-300LE 
X2864AD-35 Am2864AE-355DC * X2864AEM-35 Am2864AE-350LE 
X2864AD-45 Am2864AE-355DC *, t X2864AEM-45 Am2864AE-350 LE t 
INDUSTRIAL MILITARY 883-C 
X2864ADI-25 Am2864AE-250DI X2864AEMB-25 Am2864AE-250/BUA 
X2864ADI Am2864AE-300DI X2864AEMB Am2864AE-300/BUA 
X2864ADI-35 Am2864AE-350DI X2864AEMB-35 Am2864AE-350/BUA 
X2864ADI-45 Am2864AE-350DI t X2864AEMB-45 Am2864AE-350/BUA t 
MILITARY TEMP “B” Series—28-Pin DIP 
X2864ADM-25 Am2864AE-250DE 
X2864ADM Am2864AE-300DE COMMERCIAL 
X2864ADM-35 Am2864AE-350D X2864BD-18 Am2864AE-205DC *, # 
X2864ADM-45 Am2864AE-350DE t+ 

INDUSTRIAL 

MILITARY 883-C X2864BDI-18 Am2864AE-205DI *, # 
X2864ADMB-25 Am2864AE-250/BXA 
X2864ADMB Am2864AE-300/BXA MILITARY TEMP 
X2864ADMB-35 Am2864AE-350/BXA X2864BDM-18 Am2864AE-205DE *, # 
X2864ADMB-45 Am2864AE-350/BXA t 


“A” Series—32-Pin LCC 


MILITARY 883-C 
X2864BDMB-18 


Am2864AE-250/BXA *, # 


COMMERCIAL “B” Series—32-Pin LCC 
X2864AE-25 Am2864AE-255LC * 
X2864AE Am2864AE-305LC * COMMERCIAL 
X2864AE-35 Am2864AE-355LC * X2864BE-18 Am2864AE-205LC *, # 
X2864AE-45 Am2865AE-355LC *, t 
; INDUSTRIAL 
pieced ie ee X2864BEI-18 Am2864AE-205LI *, # 
a m o 
X2864AEI Am2864AE-300LI MILITARY TEMP 
X2864AEI-35 Am2864AE-350LI X2864BEM-18 Am2864BE-205LE *, # 
X2864AEI-45 Am2864AE-350LI t 
MILITARY 883-C 


Notes: * Also available in +10% V... 


t AMD is 100 ns faster. 


# Functionally equivalent. AC and DC differences. 


X2864BEMB-18 


Am2864AE-250/BUA *, # 


3-135 


Cross-Reference and Conversion Guides 


SEEQ 
28-Pin DIP 


COMMERCIAL 


DQ2864-250 
DQ2864-300 
DQ2864-35 


MILITARY TEMP 


DM2864-250 
DM2864-300 
DM2864-35 


Note: # Functionally equivalent. AC and DC differences. 


Table 1b. SEQ Functional Equivalence 


AMD 


Am2864BE-250DC # 
Am2864BE-300DC # 
Am2864BE-355DC # 


Am2864BE-250DE # 
Am2864BE-300DE # 
Am2864BE-355DE # 


64K CONVERSION GUIDE 


The following tables serve as a cross-reference from 
AMD’s obsolete 64K EEPROMs (the Am9864, 
Am2864A, and Am2864B) to the Am2864AE and 


SEEQ AMD 
32-Lead LCC 
COMMERCIAL 
LQ2864-250 Am2864BE-250LC # 
LQ2864-300 Am2864BE-300LC # 
LQ2864-35 Am2864BE-355LC # 
MILITARY TEMP 
LM2864-250 Am2864BE-250LE # 
LM2864-300 Am2864BE-300LE # 
LM2864-35 Am2864BE-355LE # 


Am9864 Conversion to Am2864BE 


Most Am9864 applications can be filled by the 
Am2864BE. Tables 2 and 3 indicate where the obsolete 
Am9864 has tighter parameters than the Am2864BE. 


Special screening may be performed for a particular 
application. Consult the local AMD Sales Office for 
feasibility and cost. 


Table 2. AC Characteristics (Am9864 Conversion to Am2864BE) 


Am2864BE. 
Parameter Parameter 
Symbol Description 


Output Enable or 
Chip Enable HIGH 
to Output Float 


Output Hold 
t from Address 
Change 


WE or CE 
ee Write Pulse 
Width 


Data Setup 
Time 


Data Hold 
t Time 
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-205, -200 
Min. Max. 


9864 - 
2864BE ~ 
9864 - 


2864BE - 
9864 - 


2864BE - 
9864 - 


2864BE _ 
9864 - 


2864BE - 


-255, -250 -305, -300 -355, -350 
Min. Max. Min. Max. Min. Max. Unit 
0 0 - 0 ~ 
ns 
10 - 10 - 10 
0 - 0 - 0 - 
ns 
20 - 20 - 20 ~ 
100 _ 100 - 150 ~ 
ns 
150 _ 150 ~ 200 _ 
50 ~ 50 - 70 - 
ns 
100 _ 100 _ 120 
on a = = 20 
ns 
ne re es a 30 pa 
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Table 3. DC Characteristics (Am9864 Conversion toAm2864BE) 


Parameter Parameter 


Symbol Description Min. Max. Unit 
9864 - 40 

ES 7 Comment Giant mA 
2864BE - 70 
V.¢ Current (Active) 9864 - 100 

(Includes Write a ee ne I 
Operation) 2864BE - . 140 


Am2864A/B Conversion to Am2864AE/BE the Am2864AE/BE. The 2864AE/BE are both screened 

to the tighter 2864BE test tape. Provisions are made 
Most of the current Am2864A and Am2864B appli- to account for the pin 1 No Connect on the 2864AE. 
cations can be filled by the Am2864AE and Am2864BE. Special screening may be performed for a particular 


Tables 4 and 5 indicate where the soon-to-be- application. Consult the local AMD Sales Office for 
obsolete Am2864A/B have tighter parameters than feasibility and cost. 


Table 4. AC Characteristics (Am2864A/B Conversion to Am2864AE/BE) 


-205, -200 -255, -250 -305, -300 -355, -350 
Parameter Parameter —— 
Symbol Description Min. Max. Min. Max. Min. Max. Min. Max. Unit 
Output Enable or 2864A/B 0 ~ 0 ~ 0 - 0 - 
= Chip Enable HIGH 2864AE/ 10 ~ 10 - 10 - 10 ns 
to Output Float 2864BE 
Output Hold 2864A/B 0 ~ 0 - 0 - 0 - 
| from Address 2864AE/ 20 - 20 ~ 20 - 20 ~ ns 
Change 2864BE 
WE or CE 2864A/B ee 100 - 125--= — 
= Write Pulse 2864AE/ 150 - 150 - 150 - 200 - ns 
Width 2864BE 
Data Setup 2864A/B 50 - 50 - 50 ~ 70 - 
i Time 2864AE/ 10S = 108" == 100-—— = 120:---= ns 
2864BE 
OE Setup 2864A/B ——— —— a a 
tocg _-—siFime 2864AE/ 0 == | a w= 10. = ns 
2864BE 
OE Hold 2864A/B — Sa 0 
i Time 2864AE/ 10 ~ 10 ~ 10 _ 10 ~ ns 
2864BE 


tww Max. is not specified on the Am2864AE/BE since it is not a gating factor for initiating a Write Cycle. 
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Table 5. DC Characteristics (Am2864A/B Conversion Am2864AE/BE) 


Parameter Parameter 
Symbol Description Min. Max. Unit 
ET ERE oe ae Bee 
Tides Vi, Current (Standby) 2864AE/ - 70 mA 
2864BE 
Vig Current (Active) 2864A/B = 120 
ae (Includes Write 2864AE/ ~ 140 mA 
Operation) 2864BE 
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Die Business 


Am2864AE/BE DICE AGREEMENT Am2864AE/BE Dice Agreement (see Figure 5-1 for an 
; example) describes the guarantees and limitations asso- 
AMD sells EEPROM dice at the commercial grade level _cjated with this business. 


to authorized distributors and OEM customers. Full 
testing is not possible on EEPROM dice. The 


Am2864AE/BE DICE AGREEMENT 


A) Specifications: | Operating Temperature Range = 0 to +70°C 
Power Supply = Vog + 10% 
tAA =250 ns 
Vin, = 0.45 t02.4V 
Die Thickness = 675 + 20 microns 


B) Test Requirements: 
1. AMD will perform the following tests: 


a) 2000 cycles for endurance are done. Tests performed 
by AMD would have screened infant endurance failures. 


b) Wafer sort at 25°C. AC/DC testing at 25°C guard-banded 
for 0 to +70°C operation (dice are programmed). 


c) Wafers are baked at 200°C (24 hours). 
d) Probe for data loss and AC/DC tested again. 
e) Scribe/die plate/second optical inspection. 


2. Customer to perform the following tests as a minimum: 
a) Program (dice will arrive with pattern). 
b) AC/DC testing at +70°C. 
c) Perform burn-in at 125°C for 168 hours. 
C) Liability Agreement 
1. AMD will be liable for all process-related failures. 


2. AMDvwill take no responsibility for yield losses and/or 
reliability failures that are assembly-related. 


D) Yield Guarantees 


1. AMD will provide the customer all technical information 
concerning recommended test programs and procedures, 
as required, to optimize yield. 


No guarantees exist on yields for: 
a) Speed (tacc) better than 250 ns 
b) Assembly yield 
c) Yields at temperatures outside 0 to +70°C 
E) Data Pattern 


1. Data pattern of all memory cells will be initialized to all "1"s 
before shipment. 


Customer/Title (Date) AMD/Title (Date) 


10324A-011A 


Figure 1. Am2864AE/BE Dice Agreement Example 
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10324A-012A 


Die Size: 201 x 231 mils 
Equivalent Gate Count: 60, 517 


Figure 2. Metalization and Pad Layout 
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False-Write-Protect Circuit Design 


by Brian T. Johansen, Syntrex, Inc., and Anthony DiColli, Advanced Micro Devices, Inc. 


INTRODUCTION 


The Am2864AE/BE EEPROMs are internally protected 
from false writes when V,, is below 3.0 V. When 
system logic levels are undefined, it is the supply voltage 
range between 3.0 and 4.5 V that causes problems for 
EEPROM users. The following text describes an effec- 
tive means to protect against false writes during power- 
up/power-down. 


EEPROM WRITE-PROTECT MECHANISMS 


An EEPROM requires that the CE, WE, and OE pins be 
in the proper state to allow a data Write Cycle to occur. 
The Am2864AE/BE are designed in such a way that 
either the CE or the WE pins can be used to initiate a 
Write Cycle. During a system Write Cycle, the address 
is latched into the internal address latch on the last falling 
edge of WE or CE, providing that OE is a logic “1”. The 
first rising edge of WE or CE latches the data into the data 
latches. In addition, there is a WE lockout circuit that 


prevents WE pulses of less than 20 ns duration from 
initiating a Write Cycle. If these logic inputs can be forced 
into a non-Write-Cycle state during power-up/power- 
down, then data secuntty will be assured. There are two 
ways to do this: hold OE LOW, or hold CE HIGH during 
power-up/power-down (reference Table 1). 


Write-protect schemes that utilize the OE pin may cause 
the EEPROM data pins (DQ,-DQ,) to be in a driven state 
during power-up/power-down. This could cause data 
bus contention if other devices share the data bus. 
Techniques that use this control pin should only be 
considered if 1) the EEPROM data bus is not shared with 
any other chip, or 2) in shared data bus designs, the other 
chips can be prevented from driving the bus during 
power-up/power-down. 


Designs that use the CE pin to write-protect the contents 
of EEPROMs ensure that the data bus will remain in the 
high-impedance mode, thereby eliminating any possibil- 
ity for bus contention during power-up/power-down. 


Table1. Mode Selection 


Inputs 
CE OE WE R/B 
L L H Hi-Z 
L H Ri” ms ge 
eS a H L ie * a 
H xX Xx Hi-Z 
L H H Hi-Z 
L L yD is Hi-Z 
a L H Hi-Z 
# L H L 
Key: V, = 12.0Vt0.5V 
H = HIGH 
L = LOW 
X = Don’t Care 
“Lr = Pulse 


Outputs 

vO A, Mode 

Data Out X Read 

Data In X Write 

Data In X Write 

Hi-Z X Standby 
Hi-Z X Read Inhibit 
Hi-Z X Write Inhibit 
Code Vi Auto Select 
D,. X Data Polling 
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Ry = 2.32 kQ, 0.1%, Metal Film (50 ppm) 
Ro = 2.74 kQ, 0.1%, Metal Film (50 ppm) 


R, = 4700, 5% 

Ry = 220k, 5% 

Re =2k0, 5% 

Cy =220 pF 

U; =LM393 

Us = 74HCTOO 
VR; = LM385BZ-2.5 

L, = 0.82 pH Ferrite Bead 


FROM SYSTEM 
CHIP-SELECT 
DECODER 


Figure 1. Am2864AE/BE False Write Protection 


The design described in this chapter utilizes the CE pin 
to provide the write-protect_ function. However, this 
same design can be used in OE wnite-protect schemes 
simply by using a non-inverting gate at location U, in 
Figure 1. 


CIRCUIT OPERATION 


The circuit schematic is shown in Figure 6-1. An LM 393 
comparator is used to sense when V,_,, exceeds 4.5 V. 
The inverting input to the comparator is set to a 2.5 V 
reference by VR,. The voltage divider formed by R, and 
R, allows the sense voltage to set the trip point. If 
adjustment of this threshold is desired, then a potenti- 
ometer can be substituted for either R, or R,. When V,, 
is below 4.5 V, the inverting input to the comparator will 
be at a higher voltage than the non-inverting input, 
thereby forcing the comparator’s output LOW. This LOW 
is applied to the 74HCT00 which then provides a HIGH to 


the CE pinof the Am2864AE/BE. An HC- or HCT-type of 
gate must be used to ensure correct operation at V,, 
voltages under 3.0 V. When the input voltage exceeds 
4.5 V, the comparator’s non-inverting input will be at a 
higher voltage than the inverting input. The open-collec- 
tor comparator output will be pulled up by R,, allowing the 
system access to the EEPROM. On power-down, similar 
circuit operation takes place—when the V_,, falls below 
4V, the CE pin is forced HIGH, prohibiting Write Cycles. 


L, is a 0.82 tH ferrite bead, used in conjunction with C, 
to help filter out any noise spikes or ripple from the V,,, 
line. VR,is a precision 2.5 V reference, biased into its 
calibration range by R,. C, and R, provide AC-coupled 
hysteresis into the non-inverting input of the compara- 
tor to ensure an oscillation-free transition for the slow 
rise time of the V,, input. These components also 
provide the overdrive to the comparator input, increas- 
ing the switching speed. 
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am cl 
Am27F256 Advanced 


Micro 

32,768 x 8-Bit CMOS Windowless EPROM Devices 
DISTINCTIVE CHARACTERISTICS 
m Flasherase™ Electrical Bulk Chip-Erase = Command Register Architecture for 

— One Second Typical Chip-Erase Microprocessor/Micro-controller Compatible 
= Compatible with JEDEC Standard Byte Write Interface 

Wide EPROM pinouts @ 100 Program/Erase Cycles 

— 28-pin DIP = Program and Erase Voltage 

== Spin ELOG +12.75V + 0.25V Ver 


= Flashrite™ Programming 
— 10uS Typical Byte-Program 
— Less than 0.5 Second Typical Chip Program 
m Advanced CMOS Technology = Allows for Auto-insertion 
— EPROM Compatible Process @ 5V+10% Single Power Supply 
— Extensive Manufacturing Experience 
m@ Low Power Consumption 
— 30mA Maximum Active Current 
— 100 pA Maximum Standby Current 


@ High Performance 
— 90ns Maximum Access Time 


BLOCK DIAGRAM 
DQ,-DQ, 
voles eves 
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Control 
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Chip Enable 
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X-Decoder : Cell Matrix 
11557-001A 


Address Latch 


The document contains cher thay abt ng under development at Advanced Micro 
Devices, Inc. The information is to help you to evaluate this product, AMD reserves 
the right to change or discontinue nor on this proposed product without notice. 


11557 A /0 
Issue Date: February, 1989 


GENERAL DESCRIPTION 


This device is an alternative to the standard U.V. 
EPROM. 


The Am27F256 CMOS windowless EPROM provides 
the industry’s highest performance and most cost- 
effective alternative for reprogrammable non-volatile 
memory. It is organized as 32K bytes of 8 bits each. The 
Am27F256 is pin compatible with the 28 pin byte-wide 
JEDEC 256K EPROM. The 27F256 is targeted for alter- 
able code- or data-storage applications were ultraviolet 
erasure is impractical or time consuming. The window- 


CONNECTION DIAGRAMS 
DIP 


11557-002A 


less EPROM adds electrical Flash chip-erasure and 
reprogramability in plastic packaging to AMD’s EPROM 
technology. The device may be packaged in plastic DIP 
or PLCC and is ideal for use in auto-insertion manufac- 
turing systems. The entire memory content may be 
erased and reprogrammed using AMD’s Flasherase™ 
and Flashrite™ programming algorithms respectively in 
a standard PROM programmer. Electrical erasure in- 
creases the memory’s flexibility, while providing time 
savings over traditional UV erasing. 


LCC/PLCC 


11157-003A 


LOGIC SYMBOL 


11557-004A 
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FUNCTIONAL DESCRIPTION 


In-circuit electrical erase and reprogramming increases 
flash memory’s flexibility over EPROM. Standard 
PROM programmers may be used for erasing and pro- 
gramming. A command register in the windowless 
EPROM manages these functions. The command reg- 
ister allows for fixed power supplies during the erase 
and programming functions, does not require high voit- 
age on control pins, and provides maximum EPROM 
compatibility. 


Read Mode 


The windowless EPROM device functions as a read 
only memory when high voltage is not applied to the Vpp 
pin. In this mode the external memory control signals 
produce the standard EPROM read, standby, output 
disable, and Auto-select modes. 


Programming/Read Mode 

High voltage on the Vpp pin enables the erase and pro- 
gramming functions of the device. The same EPROM 
read, standby, and output disable functions are avail- 
able to the system when high voltage is applied to the 
Vpp pin. All functions associated with altering memory 


OPERATING RANGES 
Commercial (C) Devices 


Case Temperature (T-) 0°C to +70°C 
industrial (1) Devices 

Case Temperature (T<) —40°C to +85°C 
Extended (E) Devices 

Case Temperature (T.<) —55°C to +125°C 
Military (M) Devices 

Case Temperature (T.) —55°C to +125°C 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


Am27F256 


contents: erase, erase-verify, program, and program- 
verify—are accessed via the command register. 


Standard microprocessor write timing is used to write — 
commands into the register. Register contents serve as 
input to an internal state machine which controls the 
erase and programming circuitry. Write cycles also 
internally latch addresses and data required for pro- 
gramming or erase operations. Standard microproces- 
sor read timings are used to access array data, access 
data for erase and program verification, or access the 
Auto-select modes. 


The command register is alterable only when high volt- 
age is applied to Vpp. When high voltage is removed, the 
contents of the register default to the read command. 
The device then functions as a read only memory. 


Performance 


AMD's windowless EPROMs offer access times as fast 
as 90ns which allows operation of high-speed micropro- 
cessors and microcontrollers without wait-states. The 
windowless EPROM architecture supports separate 
chip enable (CE) and output enable (OE) controls in 
order to eliminate bus contention. 
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Boe seek ct 
Am28F256 


32,768 x 8-Bit Flash E*PROM 


DISTINCTIVE CHARACTERISTICS 


Flasherase™ Electrical Bulk Chip-Erase 

— One Second Typical Chip-Erase 
Compatible with JEDEC Standard Byte 
Wide 32-pin EEPROM Pinouts 

— 32-pin DIP 

— 32-pin PLCC 

Flashrite™ Programming 

— 10 uS Typical Byte-Program 

— Less than 0.5 Second Typical Chip Program 
Program and Erase Voltage 12.0V + 5% Vpp 


Advanced CMOS Technology 
— EPROM Compatible Process 
— Extensive Manufacturing Experience 


BLOCK DIAGRAM 
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A,-A 


The document contains nag on a product under development at 


to help you to evaluate this product, AMD reserves 11560 A /0 
product without notice. Issue Date: February, 1989 


Devices, Inc. The information 
the right to change or over: mone on this proposed 
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Switch 
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Advanced 
Micro 
Devices 


m@ Low Power Consumption 
— 30 mA Maximum Active Current 
— 100 pA Maximum Standby Current 
= Command Register Architecture for 
Microprocessor/Micro-controller Compatible 
Write Interface 
@ 10,000 Program/Erase Cycles 
m Provides On-Board Functionality for 
in-System-Write 
@ High Performance 
— 90 nS Maximum Access Time 
@ On Board Address and Data Latches 
m 5V+10% Single Power Supply 
DQ,-DQ, 
Velese sears 
Switch ioe 
To Array 


Chip Enable 
Output Enable 


=F 


Cell Matrix 
11560-001A 


Advanced Micro 


GENERAL DESCRIPTION 


This device is an alternative to the full-featured 
EEPROM. 


The 28F256 is targeted for in-system alterable code- or 
data-storage applications where full-feature EEPROM 
functionality is either not required or not cost effective. 
The Am28F256 CMOS Flash memory provides the 
highest performance and most cost-effective alternative 
for rewritable non-volatile memory. Flash memory adds 
electrical chip-erase and reprogramming to AMD’s 
EPROM technology. The entire memory content may be 
Flash erased and reprogrammed OR PROM program- 
mer, or test socket, on board during subassembly test, 
in-system during final test or after sale. In-system elec- 
trical erasure increases the memory’s flexibility, while 
providing time and cost savings. 


The device may be packaged in plastic DIP or PLCC 
and is ideal for use in auto-insertion manufacturing sys- 
tems. The entire memory array may be erased and 
reprogrammed on-board using AMD’s Flasherase™ 
and Flashrite™ programming algorithms respectively. 


CONNECTION DIAGRAMS 


DIP 


11560-002A 


Typical Applications 


Flash memory is ideal for storing code or data-tables in 
embedded control applications where periodic updates 
or data down-loading may be required. Code updates 
may occur throughout the entire life of a system. Begin- 
ning with prototyping, code updates may also be neces- 
sary during subassembly or even in after-sale service. 
Electrical chip erasure eliminates the 15 to 20 minute 
ultraviolet erase and streamlines code updates. In addi- 
tion both DIP or PLCC Flash devices may be soldered to 
the circuit board during subassembly. Test codes may 
be programmed into the device on board. Prior to ship- 
ment final code is downloaded to the device. Thus, 
Flash technology eliminates unnecessary handling and 
less reliable socketed connections, saves board space, 
and adds increased manufacturing flexibility. After-sale 
code updates are performed locally via an edge- 
connector, or remotely over a serial communication link. 


LCC/PLCC 


DQ, DQ, Vss DQ, DQ, DQ, DQ, 


11560-003A 


Am28F 256 
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FUNCTIONAL DESCRIPTION 


In-circuit electrical erase and reprogramming gives 
flash memory the flexibility of EEPROM. A command 
register in the Flash device manages the electrical era- 
sure and reprogramming. The command register archi- 
tecture allows for fixed power supplies during erasure 
and programming and does not require high voltage on 
control pins. 


Read Mode 


The Flash device functions as a read only memory when 
high voltage is not applied to the Vp» pin. In this mode the 
external memory control signals produce the standard 
EPROM read, standby, output disable, and Auto-select 
modes. 


Programming / Read Mode 


High voltage on the Vp pin enables the erase and pro- 
gramming functions of the device. The same EPROM 
read, standby, and output disable functions are avail- 
able to the system when high voltage is applied to the 
Vpp pin. All functions associated with altering memory 
contents (erase, erase-verify, program, and program- 
verify) are accessed via the command register. 


Standard microprocessor write timing is used to write 
commands into the register. Register contents serve as 


11560-004A 


input to an internal state machine which controls the 
erase and programming Circuitry. Write cycles also 
internally latch addresses and data required for pro- 
gramming or erase operations. Standard microproces- 
sor read timings are used to access array data, access 
data for erase and program verification, or access the 
Auto-select modes. As with EEPROM devices, the 
28F256 uses a dedicated WE control pin for command 
execution. 


The command register is alterable only when high volt- 
age is applied to Vpp. When high voltage is removed, the 
contents of the register default to the read command. 
The device then functions as a read only memory. Vpp 
may be controlled with system hardware to provide 
secure write protect. 


Performance 


AMD's Flash memories offer access times as fast as 
90ns. This high performance allows cperation of high- 
speed microprocessors and microcontrollers without 
wait-states. The Flash architecture supports separate 
chip enable (CE) and output enable (OE) controls in 
order to eliminate bus contention. 


OPERATING RANGES 
Commercial (C) Devices 


Case Temperature (Tc) 0°C to +70°C 
industrial (1) Devices 
Case Temperature (Tc) —40°C to +85°C 


Extended Commercial (E) Devices 


Case Temperature (Tc) —55°C to +125°C 
Military (M) Devices 
Case Temperature (Tc) —55°C to +125°C 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 
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Am27F512 


65,536 x 8-Bit CMOS Windowless EPROM 


DISTINCTIVE CHARACTERISTICS 


Flasherase™ Electrical Bulk Chip-Erase 
— One Second Typical Chip-Erase 


Compatible with JEDEC Standard Byte 
Wide EPROM Pinouts 

— 28-pin DIP 

— 32-pin PLCC 

Flashrite™ Programming 

— 10 uS Typical Byte-Program 

— Less than 1 Second Typical Chip Program 
Advanced CMOS Technology 

— EPROM Compatible Process 

— Extensive Manufacturing Experience 
Low Power Consumption 

— 30 mA Maximum Active Current 

— 100A Maximum Standby Current 
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Advanced 


Command Register Architecture for 
Microprocessor/Micro-controller Compatible 
Write interface 


100 Program/Erase Cycles 


Program and Erase Voltage 
+12.75V +0.25Vpp 


High Performance 
— 100 nS Maximum Access Time 


Allows for Auto-insertion 
5V +10% Single Power Supply 
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GENERAL DESCRIPTION 


This device is an alternative to the standard U.V. 
EPROM. 


The Am27F512 CMOS windowless EPROM provides 
the industry’s highest performance and most cost- 
effective alternative for reprogrammable non-volatile 
memory. It is organized as 64K bytes of 8 bits each. The 
Am27F512 is pin compatible with the 28 pin byte-wide 
JEDEC 512K EPROM. The 27F512 is targeted for alter- 
able code- or data-storage applications were ultraviolet 
erasure is impractical or time consuming. The window- 


CONNECTION DIAGRAMS 


DIP 
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less EPROM adds electrical Flash chip-erasure and 
reprogramability in plastic packaging to AMD’s EPROM 
technology. The device may be packaged in plastic DIP 
or PLCC and is ideal for use in auto-insertion manufac- 
turing systems. The entire memory content may be 
erased and reprogrammed using AMD’s Flasherase™ 
and Flashrite™ programming algorithms respectively in 
a standard PROM programmer. Electrical erasure in- 
creases the memory’s flexibility, while providing time 
savings over traditional UV erasing. 


LCC/PLCC 
oO 
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FUNCTIONAL DESCRIPTION 


In-circuit electrical erase and reprogramming increases 
flash memory’s flexibility over EPROM. Standard 
PROM programmers may be used for erasing and pro- 
gramming. A command register in the windowless 
EPROM manages these functions. The command reg- 
ister allows for fixed power supplies during the erase 
and programming functions, does not require high volt- 
age on control pins, and provides maximum EPROM 
compatibility. 


Read Mode 


The windowless EPROM device functions as a read 
only memory when high voltage is not applied to the Vpp 
pin. In this mode the external memory control signals 
produce the standard EPROM read, standby, output 
disable, and Auto-select modes. 


Programming/Read Mode 


High voltage on the Vpp pin enables the erase and pro- 
gramming functions of the device. The same EPROM 
read, standby, and output disable functions are avail- 
able to the system when high voltage is applied to the 
Vop pin. All functions associated with altering memory 
contents: erase, erase-verify, program, and program- 
verify—are accessed via the command register. 


OPERATING RANGES 
Commercial (C) Devices 


Case Temperature (Tc) 0°C to +70°C 
industrial (1) Devices. 

Case Temperature (Tc) —40°C to +85°C 
Extended (E) Devices 

Case Temperature (Tc) —55°C to +125°C 
Military (M) Devices 

Case Temperature (Tc) —55°C to +125°C 
Supply Read Voltages: 

Vcc for Am27F512 +4.50V to +5.50V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


Standard microprocessor write timing is used to write 
commands into the register. Register contents serve as 
input to an internal state machine which controls the 
erase and programming Circuitry. Write cycles also in- 
ternally latch addresses and data required for program- 
ming or erase operations. Standard microprocessor 
read timings are used to access array data, access data 
for erase and program verification, or access the Auto- 
select modes. 


The command register is alterable only when high volt- 
age is applied to Vpp. When high voltage is removed, the 
contents of the register default to the read command. 
The device then functions as a read only memory. 


Performance 


AMD’s windowless EPROMs offer access times as fast 
as 100ns which allows operation of high-speed micro- 
processors and microcontrollers without wait-states. 
The windowless EPROM architecture supports sepa- 
rate chip enable (CE) and output enable (OE) controls in 
order to eliminate bus contention. 
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Am28F512 Advanced 


Micro 
. 2 ; 

65,536 x 8-Bit CMOS Flash E PROM Devices 
DISTINCTIVE CHARACTERISTICS 
m Flasherase™ Electrical Bulk Chip-Erase m Low Power Consumption 

— One Second Typical Chip-Erase — 30mA Maximum Active Current 
= Compatible with JEDEC Standard Byte — 100 pA Maximum Standby Current 

Wide 32-pin EEPROM Pinouts = Command Register Architecture for 

— 32-pin DIP Microprocessor/Micro-controller Compatible 

— 32-pin PLCC Write Interface 
m@ Flashrite™ Programming m@ 10,000 Program/Erase Cycles 

— 10S Typical Byte-Program = Provides On-Board Functionality for 


— Less than 1 Second Typical Chip Program 


= Program and Erase Voltage 
12.0V + 5% Vop 


m™ Advanced CMOS Technology 
— EPROM Compatible Process 


In-System-Write 


@ High Performance 
— 100nS Maximum Access Time 


= On Board Address and Data Latches 


— Extensive Manufacturing Experience m 5V+10% Single Power Supply 
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GENERAL DESCRIPTION 


This device is an alternative to the full-featured 
EEPROM. 


The 28F512 is targeted for high density in-system alter- 
able code- or data-storage applications where full-fea- 
ture EEPROM functionality is either not required or not 
cost effective. The Am28F512 CMOS Flash memory 
provides the highest performance and most cost- 
effective alternative for rewritable non-volatile memory. 
Flash memory adds electrical chip-erase and 
reprogramming to AMD’s EPROM technology. The en- 
tire memory content may be Flash erased and 


reprogrammed in a PROM programmer or test socket, 


on board during subassembly test, in-system during fi- 
nal test or after sale. In-system electrical erasure in- 
creases the memory’s flexibility, while providing time 
and cost savings. 


The device may be packaged in plastic DIP or PLCC 
and is ideal for use in auto-insertion manufacturing sys- 
tems. The entire memory array may be erased and 


reprogrammed on-board using AMD's Flasherase™ 
and Flashrite™ programming algorithims respectively. 


Typical Applications 


Flash memory is ideal for storing code or data-tables in 
embedded control applications where periodic updates 
or data down-loading is required. Code updates may oc- 
cur throughout the entire life of a system. Beginning with 
prototyping, code updates may also be necessary dur- 
ing subassembly or even in after-sale service. Electrical 
chip erasure eliminates the 15 to 20 minute ultraviolet 
erase and streamlines code updates. In addition both 
DIP or PLCC Flash devices may be soldered to the cir- 
cuit board during subassembly. Test codes may be pro- 
grammed into the device on board. Prior to shipment fi- 
nal code is downloaded to the device. Thus, Flash tech- 
nology eliminates unnecessary handling and less reli- 
able socketed connections, saves board space, and 
adds increased manufacturing flexibility. After-sale 
code updates are performed locally via an edge-con- 
nector, or remotely over a serial communication link. 
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FUNCTIONAL DESCRIPTION 


In-circuit electrical erase and reprogramming gives 
flash memory the flexibility of EEPROM. A command 
register in the Flash device manages the electrical era- 
sure and reprogramming. The command register archi- 
tecture allows for fixed power supplies during erasure 
and programming and does not require high voltage on 
control pins. 


Read Mode 


The Flash device functions as a read only memory when 
high voltage is not applied to the Vpp pin. In this mode the 
external memory control signals produce the standard 
EPROM read, standby, output disable, and Auto-select 
modes. 


Programming / Read Mode 


High voltage on the Vpp pin enables the erase and pro- 
gramming functions of the device. The same EPROM 
read, standby, and output disable functions are avail- 
able to the system when high voltage is applied to the 
Vpp pin. All functions associated with altering memory 
contents (erase, erase-verify, program, and program- 
verify) are accessed via the command register. 


Standard microprocessor write timing is used to write 
commands into the register. Register contents serve as 


11561-004A 


input to an internal state machine which controls the 
erase and programming circuitry. Write cycles also 


internally latch addresses and data required for pro- 


gramming or erase operations. Standard microproces- 
sor read timings are used to access array data, access 
data for erase and program verification, or access the 
Auto-select modes. As with EEPROM devices, the 
28F512 uses a dedicated WE control pin for command 
execution. 


The command register is alterable only when high volt- 
age is applied to Vpp. When high voltage is removed, the 
contents of the register default to the read command. 
The device then functions as a read only memory. Vp» 
may be controlled with system hardware to provide se- 
cure write protect. 


Performance 


AMD's Flash memories offer access times as fast as 
100ns. This high performance allows operation of high- 
speed microprocessors and microcontrollers without 
wait-states. The Flash architecture supports separate 
chip enable (CE) and output enable (OE) controls in or- 
der to eliminate bus contention. 


OPERATING RANGES 
Commercial (C) Devices 


Case Temperature (T-) 0°C to +70°C 
Industrial (1) Devices 

Case Temperature (T<) —40°C to +85°C 
Extended (E) Devices 

Case Temperature (T.<) —55°C to +125°C 
Military (M) Devices 

Case Temperature (T.) —55°C to +125°C 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 
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Am27F010 


131,072 x 8—Bit CMOS Windowless EPROM 


DISTINCTIVE CHARACTERISTICS 


m Flasherase™ Electrical Bulk Chip-Erase 
— One Second Typical Chip-Erase 


= Compatible with JEDEC Standard Byte 
Wide EPROM Pinouts 
— 32-pin DIP 
— 32-pin PLCC 
@ Flashrite™ Programming 
— 10uS Typical Byte-Program 
— Less than 2 Second Typical Chip Program 
m= Advanced CMOS Technology 
— EPROM Compatible Process 
— Extensive Manufacturing Experience 


@ 100 Program/Erase Cycles 


GENERAL DESCRIPTION 


The Am27F010 CMOS windowless EPROM provides 
the industry’s highest performance and most cost- 
effective alternative for reprogrammable non-volatile 
memory. It is organized as 128K bytes of 8 bits each. 
The Am27F010 is pin compatible with the 32 pin byte- 
wide JEDEC 1MEG EPROM. The 27F010 is targeted 
for alterable code- or data-storage applications were 
ultraviolet erasure is impractical or time consuming. The 
windowless EPROM adds electrical Flash chip-erasure 
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= Low Power Consumption 
— 30mA Maximum Active Current 
— 100A Maximum Standby Current 

= Command Register Architecture for 
Microprocessor/Micro-controlier Compatible 
Write Interface 

m Program and Erase Voltage 
12.75V +0.25V Vpp 


= High Performance 
— 120nS Maximum Access Time 


= Allows for Auto-insertion 
m@ 5V+10% Single Power Supply 


and reprogramming to AMD’s EPROM technology. The 
device may be packaged in plastic and is ideal for use in 
auto-insertion manufacturing systems. The entire mem- 
ory content may be erased and reprogrammed using 
AMD's Flasherase™ and Flashrite™ programming algo- 
rithm respectively in a standard PROM programmer. 
Electrical erasure increases the memory’s flexibility, 
while providing time savings over traditional UV erasing. 
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FUNCTIONAL DESCRIPTION 


In-circuit electrical erase and reprogramming increases 
flash memory’s flexibility over EPROM. Standard 
PROM programmers may be used for erasing and pro- 
gramming. A command register in the windowless 
EPROM manages the electrical erasure and 
reprogramming. The command register architecture al- 
lows for fixed power supplies during erasure and pro- 
gramming, does not require high voltage on control pins, 
and provides maximum EPROM compatibility. 


Read Mode 


The windowless EPROM device functions as a read 
only memory when high voltage is not applied to the Vpp 
pin. In this mode the external memory control pins 
produce the standard EPROM read, standby, output 
disable, and Auto-select modes. 


Programming/Read Mode 


High voltage on the Vpp pin enables erasure and pro- 
gramming of the device. The same EPROM read, 
standby, and output disable functions are available 
when high voltage is applied to the Vpp pin. All functions 
associated with altering memory contents (erase, 
erase-verify, program, and program-verify) are 
accessed via the command register. 


OPERATING RANGES 
Commercial (C) Devices 


Case Temperature (T<) 0°C to +70°C 
industrial (1) Devices 
Case Temperature (T.) —40°C to +85°C 


Extended Commercial (E) Devices 


Case Temperature (T.) —55°C to +125°C 
Military (M) Devices 
Case Temperature (T<) —55°C to +125°C 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


Standard microprocessor write timing is used to write 
commands into the register. Register contents serve as 
input to an internal state machine which controls the 
erase and programming circuitry. Write cycles also 
internally latch addresses and data required for pro- 
gramming or erase operations. Standard microproces- 
sor read timings are used to access array data, access 
data for erase and program verification, or access the 
Auto-select modes. 


The command register is alterable only when high volt- 
age is applied to Vpp. When high voltage is removed, the 
contents of the register default to the read command. 
The device then functions as a read only memory. 


Performance 


AMD's windowless EPROMs offer access times of 
120ns which allows operation of high-speed micropro- 
cessors and microcontrollers without wait-states. The 
windowless EPROM architecture supports separate 
chip enable (CE) and output enable (OE) controls in 
order to eliminate bus contention. 
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Am28F010 


131,072 x 8-Bit CMOS Flash E7PROM 


DISTINCTIVE CHARACTERISTICS 


m Flasherase™ Electrical Bulk Chip-Erase 
— One Second Typical Chip-Erase 


= Compatible with JEDEC Standard Byte 
Wide 32-pin EEPROM Pinouts 
— 32-pin DIP 
— 32-pin PLCC 
m@ Flashrite™ Programming 
— 10uS Typical Byte-Program 
— Less than 2 Second Typical Chip Program 
m Program and Erase Voltage 
12.0V +5% Vop 


m@ Advanced CMOS Technology 
— EPROM Compatible Process 
— Extensive Manufacturing Experience 
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Low Power Consumption 
— 30mA Maximum Active Current 
— 100 pA Maximum Standby Current 


Command Register Architecture for 
Microprocessor/Micro-controlier Compatible 
Write Interface 


10,000 Program/Erase Cycles 


Provides On-Board Functionality for 
In-System-Write 


High Performance 
— 120nS Maximum Access Time 


On Board Address and Data Latches 
5V+10% Single Power Supply 
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GENERAL DESCRIPTION 


This device is an alternative to the full-featured 
EEPROM. 


The 28F010 is targeted for in-system alterable code- or 
data-storage applications where full-feature EEPROM 
functionality is either not required or not cost effective. 
The Am28F010 CMOS Flash memory provides the 
highest performance and most cost-effective alternative 
for high density rewritable non-volatile memory. Flash 
memory adds electrical chip-erase and reprogramming 
to AMD’s EPROM technology. The entire memory con- 
tent may be Flash erased and reprogrammed in a 
PROM programmer or test socket, on board during sub- 
assembly test, in-system during final test or after sale. 


In-system electrical erasure increases the memory’s | 


flexibility, while providing time and cost savings. 


The device may be packaged in plastic DIP or PLCC 
and is ideal for use in auto-insertion manufacturing 
systems. The entire memory array may be erased 
and reprogrammed on-board using AMD's 
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DIP 
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Flasherase™ and Flashrite™ programming algorithms 
respectively. 


Typical Applications 


Flash memory is ideal for storing code or data-tables in 
embedded control applications where periodic updates 
or data down-loading is required. Code updates may 
occur throughout the entire life of a system. Beginning 
with prototyping, code updates may also be necessary 
during subassembly or even in after-sale service. Elec- 
trical chip erasure eliminates the 15 to 20 minute ultra- 
violet erase and streamlines code updates. In addition 
both DIP or PLCC Flash devices may be soldered to the 
circuit board during subassembly. Test codes may be 
programmed into the device on board. Prior to shipment 
final code is downloaded to the device. Thus, Flash 
technology eliminates unnecessary handling and less 
reliable socketed connections, saves board space, and 
adds increased manufacturing flexibility. After-sale 
code updates are performed locally via an edge-con- 
nector, or remotely over a serial communication link. 


LCC/PLCC 
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FUNCTIONAL DESCRIPTION 


In-circuit electrical erase and reprogramming gives 
flash memory the flexibility of EEPROM. A command 
register in the Flash device manages the electrical era- 
sure and reprogramming. The command register archi- 
tecture allows for fixed power supplies during erasure 
and programming and does not require high voltage on 
control pins. 


Read Mode 


The Flash device functions as a read only memory when 
high voltage is not applied to the Vpp pin. In this mode the 
external memory control signals produce the standard 
EPROM read, standby, output disable, and Auto-select 
modes. 


Programming/Read Mode 


High voltage on the Vpp pin enables the erase and pro- 
gramming functions of the device. The same EPROM 
read, standby, and output disable functions are avail- 
able to the system when high voltage is applied to the 
Vpp pin. All functions associated with altering memory 
contents (erase, erase-verify, program, and program- 
verify) are accessed via the command register. 


Standard microprocessor write timing is used to write 
commands into the register. Register contents serve as 


OPERATING RANGES 
Commercial (C) Devices 


Case Temperature (T.) 0°C to +70°C 
industrial (1) Devices 

Case Temperature (T-) —40°C to +85°C 
Extended (E) Devices 

Case Temperature (T<) —55°C to +125°C 
Military (M) Devices 

Case Temperature (T.) —55°C to +125°C 


Operating ranges define those limits between which the func- 


tionality of the device is guaranteed. 
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input to an internal state machine which controls the 
erase and programming Circuitry. Write cycles also in- 
ternally latch addresses and data required for program- 
ming or erase operations. Standard microprocessor 
read timings are used to access array data, access data 
for erase and program verification, or access the Auto- 
select modes. As with EEPROM devices, the 28F010 
uses a dedicated WE control pin for command execu- 
tion. 


The command register is alterable only when high volt- 
age is applied to Vpp. When high voltage is removed, 
the contents of the register default to the read com- 
mand. The device then functions as a read only mem- 
ory. Vee May be controlled with system hardware to pro- 
vide secure write protect. 


Performance 


AMD’s Flash memories offer access times as fast as 
120ns. This high performance allows operation of high- 
speed microprocessors and microcontrollers without 
wait-states. The Flash architecture supports separate 
chip enable (CE) and output enable (OE) controls in 
order to eliminate bus contention. 
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DISTINCTIVE CHARACTERISTICS 


@ Compatible with JEDEC-approved EPROM pinout 
®@® High performance CMOS technology 
Fast access time - 100 ns 
Low power dissipation - 
100 vA maximum standby current 
@ Available in plastic DIP and plastic leaded chip carrier 


@ OTP EPROM alternative: 
Factory programmed 
Fully tested and guaranteed to customer code 
Low cost 
@ Mask ROM alternative: 
Shorter leadtime 
Lower volume per code 


GENERAL DESCRIPTION 


The Am27X64 is a wafer-level programmed EPROM with a 
standard topside for plastic packaging. It is organized as 
8,192 by 8 bits and is available in plastic DIP as well as 
plastic leaded chip carrier (PLCC) packages. Express- 
ROM devices provide a board-ready memory solution for 
medium to high volume codes with short leadtimes. This 
offers manufactures a cost-effective and flexible alternative 


without any WAIT states. The Am27X64 offers separate 
Output Enable (OE) and Chip Enable (CE) controls, thus 
eliminating bus contention in a multiple bus microprocessor 
system. 


AMD's CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power con- 


to OTP EPROMs and mask programmed ROMs. sumption is only 100 mW in active mode, and 250 pW in 


Typically, any byte can be accessed in less than 100 ns, rere nee 


allowing operation with high-performance microprocessors 
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PRODUCT SELECTOR GUIDE 


Family Part No. Am27X64 
Ordering Part No: 
-125 | -155 | -205 


+5% Voc Tolerance 

#10% Vcc Tolerance _ | _- __|_-120 | -150 | -200 | -250 | -300_ | 
[ Max. Access Time (ns) | 100 | 120 | 150 | 200 | 250 | 900 | 
[CE ©) Access (ns) | 100 | 120 | 150 | 200 | 250 | 
| OE (G) Access (ns) | 40 | 50 | 65 | 75 | 100 | 120 | 
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Am27X128 Advanced 


Micro 
16,384 x 8-Bit CMOS ExpressROM™ Device Devices 
DISTINCTIVE CHARACTERISTICS 
@ OTP EPROM alternative: @ Compatible with JEDEC-approved EPROM pinout 
Factory programmed @ High performance CMOS technology 
Fully tested and guaranteed to customer code Fast access time - 100 ns 
Low cost Low power dissipation - 
@ Mask ROM alternative: 100 yA maximum standby current 
Shorter leadtime @ Available in plastic DIP and plastic leaded chip carrier 


Lower volume per code 


GENERAL DESCRIPTION 


The Am27X128 is a wafer-level programmed EPROM with without any WAIT states. The Am27X128 offers separate 
a standard topside for plastic packaging. It is organized as Output Enable (OE) and Chip Enable (CE) controls, thus 
16,384 by 8 bits and is available in plastic DIP as well as eliminating bus contention in a multiple bus microprocessor 
plastic leaded chip carrier (PLCC) packages. Express- system. 

ROM devices provide a board-ready memory solution for 

medium to high volume codes with short leadtimes. This AMD's CMOS process technology provides high speed, 
offers manufactures a cost-effective and flexible alternative low power, and high noise immunity. Typical power con- 
to OTP EPROMs and mask programmed ROMs. sumption is only 100 mW in active mode, and 250 yW in 


Typically, any byte can be accessed in less than 100 ns, slancye ce. 


allowing operation with high-performance microprocessors 


BLOCK DIAGRAM 


DATA OUTPUTS 
O-—-—= Voc DQq-0Q, 


BD008480 


PRODUCT SELECTOR GUIDE 


Family Part No. Am27X128 


Co me 
Ordering Part No: 
£10% Voc Tolerance Ss cl 420 | 180) = 200: | 20 | S00 
Max. Access Time (ns) | 100 | 120 | 160 | 200 | 250 | 00 | 
| CEE) Access (ns) | 10 *|_— 120 «| «150 | 200 | 250 | 300 
| CEG) Access ios) | ee 
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Am27X256 Advanced 
. 
32,768 x 8-Bit CMOS ExpressROM™ Device Nadice 


DISTINCTIVE CHARACTERISTICS 


@ OTP EPROM alternative: 
Factory programmed 
Fully tested and guaranteed to customer code 
Low cost 
@ Mask ROM alternative: 
Shorter leadtime 
Lower volume per code 


® Compatible with JEDEC-approved EPROM pinout 
@ High performance CMOS technology 
Fast access time - 100 ns 
Low power dissipation - 
100 yA maximum standby current 
@ Available in plastic DIP and plastic leaded chip carrier 


GENERAL DESCRIPTION 


The Am27X256 is a wafer-level programmed EPROM with 
a standard topside for plastic packaging. It is organized as 
32,768 by 8 bits and is available in plastic DIP as well as 
plastic leaded chip carrier (PLCC) packages. Express- 
ROM" devices provide a board-ready memory solution for 
medium to high volume codes with short leadtimes. This 
offers manufactures a cost-effective and flexible alternative 


without any WAIT states. The Am27X256 offers separate 
Output Enable (OE) and Chip Enable (CE) controls, thus 
eliminating bus contention in a multiple bus microprocessor 
system. 


AMD's CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power con- 


to OTP EPROMs and mask programmed ROMs. sumption is only 100 mW in active mode, and 250 pW in 


Typically, any byte can be accessed in less than 100 ns, sisal Tags 


allowing operation with high-performance microprocessors 
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PRODUCT SELECTOR GUIDE 


Family Part No. Am27X256 
Ordering Part No: 
-105 -175 


+5% Voc Tolerance 

10% Voc Tolerance | - | -120 | -180 | -170 | -200 | -250 | 
oe. Ree Se ee hee ee 
PCE) Access ns) __—*| 100 | 120 | 150 | 170 | 200 | 250 | 900 | 


OE (G) Access (ns) Se a ee ee 
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DISTINCTIVE CHARACTERISTICS 


@ OTP EPROM alternative: 
Factory programmed 
Fully tested and guaranteed to customer code 
Low cost 
@ Mask ROM alternative: 
Shorter leadtime 
Lower volume per code 


® Compatible with JEDEC-approved EPROM pinout 
@ High performance CMOS technology 
Fast access time - 150 ns 
Low power dissipation - 
100 vA maximum standby current 
@ Available in plastic DIP and plastic leaded chip carrier 


GENERAL DESCRIPTION 


The Am27X512 is a wafer-level programmed EPROM with 
a standard topside for plastic packaging. It is organized as 
65,536 by 8 bits and is available in plastic DIP as well as 
plastic leaded chip carrier (PLCC) packages. Express- 
ROM™ devices provide a board-ready memory solution for 
medium to high volume codes with short leadtimes. This 
offers manufactures a cost-effective and flexible alternative 
to OTP EPROMs and mask programmed ROMs. 


Typically, any byte can be accessed in less than 150 ns, 
allowing operation with high-performance microprocessors 


with reduced WAIT states. The Am27X512 offers separate 
Output Enable (OE) and Chip Enable (CE) controls, thus 
eliminating bus contention in a multiple bus microprocessor 
system. 


AMD's CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power con- 
sumption is only 100 mW in active mode, and 250 pW in 
standby mode. 


BLOCK DIAGRAM 


Ope Vee 


Ordering Part No: 
+5% Voc Tolerance 
+10% Voc Tolerance 


Max. Access Time (ns) 


OE (G) Access (ns) 


ExpressROM is a trademark of Advanced Micro Devices Inc. 
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150 
GE (E) Access (ns) | 150 
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Am27X010 Advanced 
icro 
1 Megabit (131,072 x 8-Bit) CMOS ExpressROM™ Device Devices 


DISTINCTIVE CHARACTERISTICS 


@ Compatible with JEDEC-approved EPROM pinout 
@ High performance CMOS technology 
Fast access time - 170 ns 
Low power dissipation - 
100 vA maximum standby current 
@ Available in plastic DIP and plastic leaded chip carrier 


@ OTP EPROM alternative: 
Factory programmed 
Fully tested and guaranteed to customer code 
Low cost 
@® Mask ROM alternative: 
Shorter leadtime 
Lower volume per code 


GENERAL DESCRIPTION 


The Am27X010 is a wafer-level programmed EPROM with 
a standard topside for plastic packaging. It is organized as 
131,072 by 8 bits and is available in plastic DIP as well as 
plastic leaded chip carrier (PLCC) packages. Express- 
ROM devices provide a board-ready memory solution for 
medium to high volume codes with short leadtimes. This 


with reduced WAIT states. The Am27X010 offers separate 
Output Enable (OE) and Chip Enable (CE) controls, thus 
eliminating bus contention in a multiple bus microprocessor 
system. 


AMD's CMOS process technology provides high speed, 


offers manufactures a cost-effective and flexible alternative 


low power, and high noise immunity. Typical power con- 
to OTP EPROMs and mask programmed ROMs. 


sumption is only 100 mW in active mode, and 250 pW in 


Typically, any byte can be accessed in less than 170 ns, ny mes: 


allowing operation with high-performance microprocessors 


BLOCK DIAGRAM 


DATA OUTPUTS 
DQ,-DQ7 


O-——— Voc 
O——= GNO 


fl fl 


QUTPUT ENABLE 
CHIP ENABLE 


oo OUTPUT BUFFERS 


A, A. 
ADORESS 


INPUTS 1,048,576-BIT 


CELL MATRIX 
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PRODUCT SELECTOR GUIDE 


Ordering Part No: 
+5% Vcc Tolerance 
+10% Voc Tolerance 


"Max. Assess Timo (rs) | 170 | 200 | 250 | 200 
[GE (E) Access (ns) | 170 | 200 | 250 | 200 | 
[GE (G) Access (ns) | 65 [75 | 100 | 120 


icati Rev. Amendment 
12080 A /0 
Issue Date: April 1989 
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1 Megabit (65,536 x 16-Bit) CMOS ExpressROM™ Device 
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DISTINCTIVE CHARACTERISTICS 


@ OTP EPROM alternative: 
Factory programmed 
Fully tested and guaranteed to customer code 
Low cost 
@ Mask ROM alternative: 
Shorter leadtime 
Lower volume per code 


@ Compatible with JEDEC-approved EPROM pinout 
@ High performance CMOS technology 
Fast access time - 170 ns 
Low power dissipation - 
100 uA maximum standby current 
@ Available in plastic DIP and plastic leaded chip carrier 


GENERAL DESCRIPTION 


The Am27X1024 is a wafer-level programmed EPROM with 
a standard topside for plastic packaging. It is organized as 
65,536 by 16 bits and is available in plastic DIP as well as 
plastic leaded chip carrier (PLCC) packages. Express- 
ROM! devices provide a board-ready memory solution for 
medium to high volume codes with short leadtimes. This 
offers manufactures a cost-effective and flexible alternative 
to OTP EPROMs and mask programmed ROMs. 


Typically, any byte can be accessed in less than 170 ns, 
allowing operation with high-performance microprocessors 


with reduced WAIT states. The Am27X1024 offers separate 
Output Enable (OE) and Chip Enable (CE) controls, thus 
eliminating bus contention in a multiple bus microprocessor 
system. 


AMD's CMOS process technology provides high speed, 
low power, and high noise immunity. Typical power con- 
sumption is only 100 mW in active mode, and 250 uW in 
standby mode. 


BLOCK DIAGRAM 


Ordering Part No: 
+5% Voc Tolerance 


+10% Voc Tolerance 
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3-166 


Tax. Access Tie (ns) | 70 | 200 | 250 | 200 
CE Access (=) ———*+| 170 | 200 | 250 | 00 
[OE (G) Access rs) | es | 75 | 100 | 120 


DATA OUTPUTS 
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Am9122/Am91L22 


256x4 Static RAM 
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DISTINCTIVE CHARACTERISTICS 


@ High-performance replacement for 93422/93L422 
@ Fast access times — as low as 25 ns 
@ Low-power dissipation 
— Low power: 440 mW (Commercial) 
495 mW (Military) 


@ Single 5-volt power supply — +10% tolerance both 
Commercial and Military 


GENERAL DESCRIPTION 


The Am9122/Am91L22 Series is a MOS pin-for-pin and 
functional replacement for the 93422/93L422 bipolar mem- 
ories. These devices are high-performance, low-power, 
1024-bit, static, read/write random access memories. They 
offer a wide range of access times including versions as 
fast as 25 ns. Each memory is implemented as 256 words 
by 4 bits per word. This organization permits efficient 


BLOCK DIAGRAM 


ROW DECODER 


COL'UMN DECODER/INPUT CONTROL/ 
OUTPUT BUFFERS/SELECT LOGIC/ 
DISABLE LOGIC 


DQ} Dig 00; DI, 002 Diz 003 Oy 
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design of small memory systems and allows finer resolution 
of incremental memory depth. 


The Am9122/91L22 employs an output enable and two 
chip enable inputs to give the user better data control. High 
noise immunity, high output drive (4 TTL loads) and TTL 
logic voltage levels allow easy conversion from bipolar to 
MOS. 10% power supply tolerances give better margins in 
the memory system. 


MODE SELECT TABLE 


TREAT tn te 


Not Selected 
Not Selected 
Read Stored Data 


Write ''0"' 

Write ''1"' 

Output Disabled 

Write ''0"' (Output 
Disabled) 

Write ''1'' (Output 
Disabled) 


Se SE Se KO re oe 
eM eel ek aes real cab OT = 
FES eee a ee 
a Ge oR i OK oe 


H = HIGH Voltage 

L =LOW Voltage 

X = Don't Care (HIGH or LOW) 
Hi-Z = High Impedance 


PRODUCT SELECTOR GUIDE 


Part Number |Am9122-25 | Am9122-35 | Am91L22-35 | Am91L22-45 


Maximum Operating | O° to +70°C | 120 | 120, | 80 | 
Current (mA) rO6t to 6 12G | Nf 6 NA ne 


Rev. Amendment 


01547 E /0 


Issue Date: January 1989 
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CONNECTION DIAGRAM 
Top View 


DIPs 


ADORESS 3 [_} 1 |} Yoo (+5 VY) 


ADDRESS 2 [| | 2 21|_| ADDRESS 4 
Aooress 1 [_] 3 20 [_] WRITE ENABLE 
ADoRESS 0 [| 4 19 |_| CHIP SELECT1 
aopress 5 [_] 5 18 | ] OUTPUT ENABLE 
AODRESS 6 | | 6 17] | CHIP SELECT 2. 
AooRreESS 7 [ | 7 16 |_} DATA OUT3 

(GNO) Veg [1 8 


DATAINO | [| 9 


15 | | DATAIN3 
147 |] DATAOUT2 
DATA OUT O [ } 10 13 [ } DATAIN2 


DATAIN1 | | 15 12 | | OATAOUT1 


CD000111 


Note: Pin 1 is marked for orientation. 


METALLIZATION AND PAD LAYOUT 


Address Designators 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid 
Combination) is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM9122 —25 P & B 


' 


. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 


c. PACKAGE TYPE 
P = 22-Pin Plastic DIP (PD 022) 
D = 22-Pin Ceramic DIP (CD 022) 


b. SPEED OPTION 
-—25=25 ns 
-35 =35 ns 
-45=45 ns 


a. DEVICE NUMBER/DESCRIPTION 
Am9122/Am91L22 
256 x 4 Static RAM 
Am91L22 = Low-Power Version 


Valid Combinations 


AM9122-35 PC, PCB 
AM91L22-45 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released valid combinations, 
and to obtain additional data on AMD's standard military 
grade products. 
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MILITARY ORDERING INFORMATION 
CPL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. CPL 
(Controlled Products List) products are processed in accordance with MIL-STD-883C, but are inherently non-compliant 
because of packages, solderability, or surface treatment exceptions to those specifications. The order number (Valid 


Combination) is formed by a combination of: a. Device Number 


b. Speed Option (if applicable) 


c. Package Type 


d. Temperature Range 
e. Optional Processing 


AM9122 -35 /D 


a. DEVICE NUMBER/DESCRIPTION 
Am9122/Am91L22 
256 x 4 Static RAM 
Am91L22 = Low-Power Version 


Valid Combinations 


AM91L22-45 


/DMC 


a7 
SS OPTIONAL PROCESSING 


C =CPL Certified 


d. TEMPERATURE RANGE 
M = Military (-55 to + 125°C) 


c. PACKAGE TYPE 
/D = 22-Pin Ceramic DIP (CD 022) 


b. SPEED OPTION 
-35=35 ns 
-45=35 ns 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released valid combinations. 


Group A Tests 


Group A tests consist of Subgroups 
1273.7, 8; 316-13. 


PIN DESCRIPTION 


Ag-A7 Address (input) 
The 8 address inputs select one of the 256 4-bit words in 
the RAM. 


CS; Chip Select 7 (Input) 


CS2 Chip Select 2 (input) 
CS; is active LOW and CS> is active HIGH. The device can 
be accessed only when both Chip Selects are active. If 
either Chip Select is not active, the device is deselected and 
the outputs will be in a high-impedance state. 


WE Write Enable Input 
WE controls read and write operations. When WE is HIGH 
and OE is LOW, data will be present at the data outputs. 
When WE is LOW, data present on the data inputs will be 


written into the selected memory location. The data outputs 
will be in a high-impedance state. 


OE Output Enable (input) 
OE controls the state of the data outputs in conjunction with 
Chip Select and WE. 
Dig-Di3 Data IN (input) 
Data inputs to the RAM. 
DO 9-DO3 #£Data Out (Output) 
Data output from the RAM. The data output will be in a high- 


impedance state when either Chip Select is not active or OE 
is HIGH or WE is LOW. 


Vcc Power Supply +5 Volts 
Vss Ground 
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ABSOLUTE MAXIMUM RATINGS (Note 1) OPERATING RANGES (Note 2) 
Storage Temperature ...............c.c0cceeeeeee -65 to + 150°C Commercial (C) Devices 
Ambient Temperature with Ambient Temperature (Ta) ................0c00: 0 to +70°C 
Power Applied ..............c.cccceccseseeseeees -55 to +125°C Supply Voltage (VCC) «.----...eeeeeeeees +4.5 V to +5.5 V 
SI WOMB 5 5 oc ac- ce ccnce des vse sednaciateci -0.5 V to +7.0 V Milita . 
: ry (M) Devices 
ne oy gi ag to Outputs ............ Be : . ee : Ambient Temperature (Ta) .............-+- -55 to +125°C 
eee eee eee eee ee eee eee eee ee ee = 7. . | V eee es te ee + 3 + ; 
POWwWOr TGMOGUONG 2) ios sabes) = eatide AR 1.0 W Supply Voltage Vcc) oN ee 
Sever Tn INTE So ons vanicss ists cass scccsac cictose aaecs 20 mA 


Operating ranges define those limits between which the 
Stresses above those listed under ABSOLUTE MAXIMUM functionality of the device is guaranteed. 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating ranges unless otherwise specified (for CPL Products, Group A, 
Subgroups 1, 2, 3 are tested unless otherwise noted) 


Am91L22-35 Am9122-25 
Am91L22-45 Am9122-35 


Parameter Parameter 
Symbol Description Test Conditions 


Output HIGH Voltage 


Output LOW Voltage 
Input HIGH Voltage 
nput LOW Voltage 


Input Diode Clamp 
Voltage 


Output Current Vot S Vout < Vou 
(Hi-Z) Output Disabled 
Output Short Circuit Voc = Max., 
Current (Note 4) Vout = GND 


Power Supply Voc = Max., 

Current lout =0 mA 

Input Capacitance 

Vin=O V Ta = 25°C, f=1 MHz 


Output Capacitance Voc = 4.5 V (Note 5) 
Vout =0 V 


Bo) 


Sabi sha tae 5 


Notes: 1. Absolute Maximum Rating are intended for user guidelines and are not tested. 

. For test and correlation purposes, ambient temperature is defined as the “'instant-ON'' case temperature. 

. The NMOS process does not provide a clamp diode. However, the Am9122/91L22 is insensitive to -3 V DC input levels and —5 
V undershoot pulses of less than 10 ns (measured at 50% point). 

. For test purposes, not more than one output at a time should be shorted. Short circuit test duration should not exceed 30 
seconds. 

. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
capacitance may be affected. 

. Test conditions assume signal transition times of 10 ns or less, timing reference levels of 1.5 V, input pulse levels of 0 to 3.0 V 
and output loading of the specified |o_/loH and 30 pF load capacitance as in A under Switching Test Circuits. 

. Transition is measured at 1.5 V on the input to VoH-500 mV and Vo, + 500 mV on the outputs using the load shown in B. 
CL = 5 Pf. 

. tw measured at twsq = Min.; twsq measured at ty = Min. 


oo St @:- an +. GN 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified (for CPL Products, 
Group A, Subgroups 9, 10, 11 are tested unless otherwise noted) (Notes 6, 7, 8) 


Am91L22-35 
Am9122-35 | Am91L22-45 


Parameter 
Symbol Parameter Description 


eS ee es ee 

[2 | tancs | Chip Select wo Hiz Wotosary | | 2 | || 
Taos | Output Enable Time 
[iznos ___| Output Enable to HiZ (Note 5&7) 
2 a 
tw 
twsD 
tWHD 


Tw | Wate Pulse Wish ote) ——SCSCSC~*~rSC‘ 
Paws | Data Setup Time Prior to Wile 
Pawo | Data Hold Time After Wile 


Notes: See notes following DC Characteristics table. 


Write Disable to Hi-Z (Note 5 & 7) 


ees 
eS 
ee 
SESS 
noe 
ae 
eee 
pt | 
ee 
ae 
war a 


SWITCHING TEST CIRCUITS 


Voc 


Vec 
Ry 
Ry 
600 D 600 (2 
OUTPUT OUTPUT 
Ro Be 
30 pF 1200 z hed 1200 4) 
TC000151 TC000101 
A B 


SWITCHING TEST WAVEFORM 


ALL INPUT PULSES 
3.0 V pp 


GNO 
Two000021 
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SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


MUST BE WILL BE 
STEADY STEADY 


MAY CHANGE 


FROM H TOL FROM H TOL 


MAY CHANGE | MULL BE 
FROMLTOH = From. TOH 


DON'T CARE; CHANGING, 
ANY CHANGE STATE 
PERMITTED UNKNOWN 


CENTER 
DOES NOT LINE IS HIGH 
APPLY " 

“OFF” STATE 


KS000010 


Hoe 


Read Mode 


WFOO00660 


S,-cs, 
CHIP SELECT 


twscs twucs 
ss SS EEE ES 
ADDRESS 


(Do-Dg) 
DATA IN 


= == 

WRITE ENABLE 

DATA i ae 
OUTPUTS LOAD1B 

O9-03 oie —=" es eae 


WF022050 


Write Mode 
(All above measurements implemented to 1.5 V unless otherwise stated.) 
Note: Timing diagram represents one solution which results in an optimum cycle time. Timing may be 
changed in various applications as long as the worst-case limits are not violated. 
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TYPICAL PERFORMANCE CURVES 


Normalized Icc Normalized icc Output Source Current 
versus Supply Voltage versus Ambient Temperature versus Output Voltage 


.70 
Veo - V TEMP —°C Vout - V 
OP000120 OP000130 OP000140 
Normalized Access Time Normalized Access Time Output Sink Current 
versus Supply Voltage versus Ambient Temperature versus Output Voltage 


NORMALIZED ta, 


NORMALIZED ta, 


Lf} | vecusev 
bok cr 


Rg er 
-55-35-15 5 25 45 65 85 105 125 2.0 30 840 
Voc - V Ta-°C Vout — V 
OP000150 OP000160 OP000170 
Access Time Change Access Time Change 
versus Input Voltage versus Output Loading 


Ata, — ns 


OP000180 OP000190 
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Am21L41 Say 
4096x1 Static RAM Davies 


DISTINCTIVE CHARACTERISTICS 


@ Fully static storage and interface circuitry 
@ Automatic power-down when deselected 
@ Low power dissipation 
- Am21L41; 220 mW active, 27.5 mW power down 


@ High output drive 
@ TTL compatible interface levels 
@ No power-on current surge 


GENERAL DESCRIPTION 


The Am21L41 is a high-performance, 4096-bit, static, read/ 
write, random-access memory. It is organized as 4096 
words by one bit per word. All interface signal levels are 
identical to TTL specifications, providing good noise immu- 
nity and simplified system design. All inputs are purely 
capacitive MOS loads. The outputs will drive up to seven 


a power-down mode which reduces power dissipation by as 
much as 85%. When selected, the chip powers up again 
with no access time penalty. 


Data In and Data Out use separate pins on the standard 18- 
pin package. Data Out is the same polarity as Data In. Data 


standard Schottky TTL loads or up to six standard TTL 
loads. 


Out is a three-state signal allowing wired-OR operation of 
several chips. Data In and Data Out may be connected 


Only a single +5-volt power supply is required. When together for operation in a common data bus environment. 


deselected (CS > Vix), the Am21L41 automatically enters 


BLOCK DIAGRAM 


SENSE/WRITE AMPLIFIERS 


VO CONTROL AND BUFFER 


DATA DATA 
Veo ==" OUT IN 


BDO00111 


PRODUCT SELECTOR GUIDE 


Part Number [Ama aLat-12[AmaaLat-15[AmaiLav-20[AmaiL4v-25 | 
Maximum Access Time (ra) | 120 | 160 | 200 -| 250 
[Maximum Active Current (ma) | 65 [ 40. | 40 | 40 
[Maximum Standby Current (ma)| 10[ 5 [| s | 5 


Publication # Rev. Amendment 
03078 D /0 
Issue Date: January 1989 
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CONNECTION DIAGRAM 
Top View 


Note: Pin 1 is marked for orientation. 


METALLIZATION AND PAD LAYOUT 


Address Designators 


4032 


4095 


Die Size: 0.130" x 0.106" 
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ORDERING INFORMATION 


Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 


formed by a combination of: a. Device Number 


b. Speed Option (if applicable) 


c. Package Type 
d. Temperature Range 
e. Optional Processing 


12. e. of B 


ee OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 
d. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 
c. PACKAGE TYPE 
P = 18-Pin Plastic DIP (PD 018) 
D = 18-Pin Ceramic DIP (CD 018) 
b. SPEED OPTION 


a. DEVICE NUMBER/DESCRIPTION 
Am21L41 
4Kx1 Static RAM 


PC, PCB, DC, 
DCB 


See Product Selector Guide 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 
products. 


PIN DESCRIPTION 


Ag-Aii1 Address (inputs) 
The address input lines select memory location from which 
to read or write. 


CS Chip Select (input, Active LOW) 
The Chip Select line selects the memory device for active 
operation. 


WE Write Enable (input, Active LOW) 
When both CS and WE are LOW, data on the input lines is 
written to the location presented on the address input lines. 


Din Data In (input) 
This pin is used to enter data during write operations. 
Dout Data Out (Output, Three-State) 
The content of the selected memory location is presented 
on the Data Output line during read operations (CS LOW, 
WE HIGH). The line goes three-state during write 
operations. 
Vcc Power Supply 


Vss Ground 


Am21L41 
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ABSOLUTE MAXIMUM RATINGS (Note 1) OPERATING RANGES (Note 2) 


Storage Temperature ....................cseeeee -65 to +150°C Commcercial (C) Devices 

Ambient Temperature with pig ES BS sre eer ere ee 0 to +70°C 
Bee ee er ree 0 to +70°C Supply Voltage (Voc) .............eeeeee +45 V to +55 V 

EI IIS pacsccscasasseevaisacccccecsses: -0.5 V to +7.0 V 

All Signal Voltage with Operating ranges define those limits between which the 
Respect to Ground....................006. -1.5 V to +7.0 V functionality of the device is guaranteed. 

PT FRU IRNONS 65.50 vat <a punsesatebassscnsvesbbavruiacsers 1.2 W 

Ee aE RN oo is ote coc dpa¥iwayessresvss ti ssenes das 20 mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating ranges unless otherwise specified 


Am21L41-15, 
Am21L41-20, 


Am21L41-12 | Am21L41-25 
Parameter Parameter 


Symbol Description Test Conditions 


Input HIGH Voltage 
Input LOW Voltage 


Vss S$Vo SVoc 
Output Disabled 


Output Short-Circuit Vss SVo SVoc ° a 

Current (Note 3) eS cond ee a 

Voc Operating Supply < =7° 

Automatic CS Power Max. Voc, (CS > Vip) = 
Down Current (Note 5) 

Input Capacitance 

(Note 13) Test Frequency = 1.0 MHz 

Output Capacitance Ta = 25°C, All pins at 0 V 

(Note 13) 


Notes: 1.Absolute Maximum Ratings are intended for user guidelines and are not tested. 

2. For test and correlation purpose, operating temperature is defined as the ''instant-ON'' case temperature. 

3. Short-circuit test duration should not exceed 30 seconds. Actual testing is performed for only 5 ms. 

4. Test conditions assume signal transition times of 10 ns or less, timing reference levels of 1.5 V, input pulse levels of 
0 to 3.5 V and output loading of the specified lo_/loH and C, = 30 pF load capacitance (reference A. under 
Switching Test Circuit.). 

5. The internal write time of the memory is defined by the overlap of CS LOW and WE LOW. Both signals must be LOW 
to initiate a write and either signal can terminate a write by going HIGH. The data input setup and hold timing should 
be referenced to the rising edge of the signal that terminates the write. 

6. A pull-up resistor to Vcc on the input is required to keep the device deselected during Vcc power up, otherwise 
Isp will exceed values given. 

7.Chip deselected greater than 55 ns prior to selection. 

8. Chip deselected less than 55 ns prior to selection. 

9. Transtion is measured at Vox -500 mV and Vo, + 500 mV levels on the output from 1.5 V level on the input with 
load shown in Figure A using Ci = 5 pF (under switching test circuit). 

10. WE is HIGH for read cycle. 

11. Device is continuously selected, CS = V; 

12. Address valid prior to or coincident with '&s transition LOW. 

13. These parameters are not 100% tested, but are evaluated at initial characterization and at anytime the design is 
modified where capacitance may be affected. 
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TYPICAL DC and AC CHARACTERISTICS 


Supply Current Supply Current Output Source Current 
Versus Supply Voitage Versus Ambient Temperature Versus Output Voltage 


0 1.0 2.0 3.0 4.0 


VOUT - Vv 
OP000820 OP000831 OP000841 

Normalized Access Time Normalized Access Time Output Sink Current 

Versus Supply Voitage Versus Ambient Temperature Versus Output Voitage 


vec -v 


OP000760 OP000851 OP000861 
Typical Power-On Current Access Time Change Access Time Change 
Versus Power Supply Versus Input Voitage Versus Output Loading 
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SWITCHING TEST CIRCUIT 


Voc 


Oout CL 


300 9 SCOPE ANO 


TC000031 


A. Output Load 
SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified (See Notes 4-12) 


‘ : p : Am21L41-12 | Am21L41-15 | Am21L.41-20 | Am21L41-25 
arameter arameter 
Symbol Description _Min. | Max. | min. | Max. | Min. | Max. | Min. | Max. 
Read Cycle 

Address Valid to Address Do Not Care 

Time (Read Cycle Time) 

Address Valid to Data Out Valid Delay 

taa (Address Access Time) 

| 3 | tasct | Chip Select LOW to Data fee LLL a 
a yee ( (Note @)} | 130 | 


Chip Select LOW to Data Out (Note 
9, 13) 

Chip Select HIGH to Data Out Off 
(Note 9, 13) 


[7 [ton [Output hod ater adaress change [10 | | wo] | w] 


Chip Select HIGH to Power LOW Delay 

(Note 13) 

Chip Select LOW to Power HIGH Delay 
tpy (Note 13) 


Write Cycle 


Address Valid to Address Do Not Care 
two Time (Write Cycle Time) 
Write Enable LOW to Write Enable 
twp HIGH Time (Note 5) 75 
Write Enable HIGH to Address Do Not 
twR Care Time 
Write Enable LOW to Data Out Off 
twz Delay (Notes 9, 13) 70 
Data in Valid to Write Enable HIGH 
14 Time 75 
Write Enable HIGH to Data In Do Not 
Care Time 
Address Valid to Write Enable LOW 
Time 
Chip Select LOW to Write Enable HIGH 
+7 tow Time (Note 5) 
Write Enable HIGH to Output Turn On 
(Notes 9, =) 


[Address Valid to End of wite | 10] [108] [10] | 200 | | re 


Notes: See notes following DC Characteristics table. 
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SWITCHING WAVEFORMS (Cont'd.) 


OATA OUT PREVIOUS DATA VALIO OATA VALID 


WF000231 
Read Cycle No. 1 (Notes 10 & 11) 


v,V,¥ 
OATA OUT .4,4.¢ 


WF000241 


Read Cycie No. 2 (Notes 10 & 12) 
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SWITCHING WAVEFORMS 


twe 


3 AN ELLLISLLLLL LLL 


taw ‘wr 
tas twe 


we WAS 


tow ton 


OATA IN e) DATA IN VALID mie 


twz tow 
HIGH IMPEDANCE 
DATA OUT DATA UNDEFINED 


Write Cycle No. 1 (WE Controlled) 
we VAAAAAAAAAAAAANANS SHORT EESISATE, 


DATA IN DATA IN VALIO 


HIGH IMPEDANCE 
OATA OUT DATA UNDEFINED 


WF000221 


Write Cycle No. 2 (CS Controlled) 
Note: If CS goes HIGH simultaneously with WE HIGH, the output remains in a high-impedance state. 


re 
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cl 


Am9044/AMS0L44 Advanced 


Micro 
4096x1 Static RAM Devices 


DISTINCTIVE CHARACTERISTICS 


@ Low operating and standby power @ High output drive— 4.0 mA sink current @ 0.4 V 
@ Access times down to 200 ns @ TTL identical interface logic levels 
® Am9044 is a direct plug-in replacement for 4044 


GENERAL DESCRIPTION 


The Am9044/Am90L44 Series are high-performance, stat- Data readout is not destructive and the same polarity as 
ic, N-Channel, read/write, random-access memories orga- data input. CS provides for easy selection of an individual 
nized as 4096 x 1. Operation is from a single 5 V supply, package when the outputs are OR-tied. The outputs of 
and all input/output levels are identical to standard TTL 4.0 mA Am9044 provide increased short-circuit current for 
specifications. A Low-power version is available with power improved drive. 

savings of about 30%. 


BLOCK DIAGRAM 


3 18 
A2 aS —— Vcc 
2 9 
A, > apucnneig: ae 
1 
Ao 2 = MEMORY ARRAY 
17 SELECT 64 ROWS 
Ag = "sg 64 COLUMNS 


On Sout 
cs 
WE 

BD000091 


Issue Date: January 1989 
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PRODUCT SELECTOR GUIDE 


Part Number ~ Am9044/Am90L44 
Speed Indicator Soa er oe. = pane 


Maximum 
Access Time (ns) 450 300 250 200 


0 to +70°C loc (mA) 
ieamerd: a Sf ek ete eee | 


CONNECTION DIAGRAM 
Top View 
DIPs 


aooress of | 1° 


AOORESS 1 [ | 2 17 [ ) ADORESS 6 
ADDRESS 2 [] 3 
AOORESS 3 [ | 4 15§{ |] ADDRESS 8 
ADORESS 4 | | 5 14} | ADORESS 9 
ADORESS 5 [ | 6 13 [ ] ADDRESS 10 
DATA OUT [| 7 


WRITE ENABLE 


12] | AOORESS 11 
11] | OATAIN 


Vss | 19 10 { | CHIP SELECT 
CD000142 


Note: Pin 1 is marked for orientation. 


METALLIZATION AND PAD LAYOUT 


Rae Vec As 
, ea: Yep 18 17 
Address Designators Ay 3 16 Ag 
Ag Ps 
° — 
view an aa ore: SS Se hee 6 
ite ——s bea gee: poses = ell | 5 A; 
Aio HH “shies ae TTBIEN : % 4 8 nan : 
DO i 
WE ra 
Vss 


Die Size 0.137” x 0.167” 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number i 

b. Speed Option (if applicable) 

c. Package Type 

e. Temperature Range 

e. Optional Processing 


AM9044 B 4 oc 


B 
oe OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 


c. PACKAGE TYPE 
P = 18-Pin Plastic DIP (PD 018) 
D = 18-Pin Ceramic DIP (CD 018) 


b. SPEED OPTION 


B = 450 ns 
C =300 ns 
D = 250 ns 
E = 200 ns 
a. DEVICE NUMBER/DESCRIPTION 
Am9044/Am90L44 
4096 x 1 Static RAM 4K x1 SRAM 
Am90L44 = Low-Power Version 
Valid Combinations 
po, Poa Valid Combinations 
pia Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
AM9044E sales office to confirm availability of specific valid 
AMS0L44E combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 
products. 
PIN DESCRIPTION 
Ag-Ai1 Address inputs (inputs) Din Data In (input) 
The address input lines select the memory location from This pin is uséd to enter data during write operations. 
which to read or write. Dout Data Out (Output, Three-State) 
CS_ Chip Select (input, Active LOW) The content of the selected memory location is presented 
The CS line selects the memory device for active operation. on the Data Output line during read operations (CS LOW, 
WE Write Enable (input, Active LOW) WE HIGH). The line goes three-state during write 
When both CS and WE are LOW, data on the input lines is operations. 
written to the location presented on the address input lines. Vcc Power Supply 
Vss Ground 
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ABSOLUTE MAXIMUM RATINGS (Note 1) OPERATING RANGES (Note 2) 


Storage Temperature ................cccceeeeees -65 to + 150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (Ta) ..............ceeeeees 0 to +70°C 
PRT SEMI Soros Ago. cick ago os co dab avec 0 to 70°C Supply Voltage (VCC) ..-.--.eeeeeeeeeee +45 V to +5.5 V 

eB eS sa ae) EOES Ni Le aA -0.5 V to +7.0 V 

All Signal Voltage with Operating ranges define those limits between which the 
Respect to Ground...................see0e -0.5 V to +7.0 V functionality of the device is guaranteed. 

PUMMIE  CMMMMIMOIEN,  is0 ic Be ons acan <a nae ccedonds inp eshaawned 1.0 W 

eae NEN? MENON se cccaigins cacassuanesebocudenswecere 10 mA 


The products described by this specification include internal 
circuitry designed to protect input devices from damaging 
accumulations of static charge. It is suggested nevertheless, 
that conventional precautions be observed during storage, 
handling and use in order to avoid exposure to excessive 
voltages. 


DC CHARACTERISTICS over operating ranges unless otherwise specified (Group A, Subgroups 1, 2, 3 are 
tested unless otherwise noted) 


Parameter Parameter 
Symbol Description Test Conditions 
VOH = 2.4 V- — 
Se Se a 


Output LOW Current VoL = 0.4 V Ta = 70°C 


S 


Brea Reus ae Cae 
0.4V< Vo < Voc: = ° 
ae Output Leakage Current Output Disabled Ta = +70°C 
= Standard Devices 70 
loc Operating Supply Current ¥ i Max. Ta =0°C P pe ee mA 
eerie eA 
Output Capacitance (Note 6) Ta = 25°C, All pins at 0 V Sink ae we Oe 
Notes: 1. Absolute Maximum Ratings are intended for user guidelines and are not tested. 
3. Test conditions assume signal transition time of 10 ns or less, timing reference levels of 1.5 V, and output loading of the specified Io, /loH 
plus 100 pF or 5 pF for Tcx, Totp, Totw and Two. 
either signal can terminate a write by going HIGH. The data input setup and hold timing should be referenced to the rising edge of the signal 
that terminates the write. 
6. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where these 
parameters may be affected. 


Input Load Current Vss SVin SVec 

Input Capacitance (Note 6) Test Frequency = 1.0 MHz 
2. For test and correlation purposes, ambient temperature is defined as the "'instant-on'' case temperature. 
4. The internal write time of the memory is defined by the overlap of CS LOW and WE LOW. Both signals must be LOW to initiate a write and 
5. The specified address access time will be valid only when CS is LOW soon enough for tco to elapse. 
7. Transition is measured from 1.5 V on the input to (Vo4-500 mV) and (Vo. +500 mV) on the output using C, = 5 pF. 


SSS 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, 
Group A, Subgroups 9, 10, 11 are tested unless otherwise noted) (Notes 3-6) 


B Devices C Devices D Devices E Devices 


Parameter Parameter 
Description 


READ CYCLE 
Address Valid to Address Do Not Care Time 
(Read Cycle Time) 

Address Valid to Data Out Valid Delay (Address 

Access Time) 


tRC 
| 3 | tco | Chip Select LOW to Data Out Valid (Note 5) 
tox Chip Select LOW to Data Out On (Note 6, 7) 
| 5 |  tortp | Chip Select HIGH to Data Out Off (Note 6, 7) 
Output hold time after address change 


y t Address Valid to Address Do Not Care Time 
wC (Write Cycle Time) 
Write Enable LOW to Write 
Enable HIGH Time (Note 4) 
Write Enable HIGH to Address Do Not Care 
Time 
tes Write Enable LOW to Data Out Off Delay 
TW (Note 6, 7) 


oO 
~ 
Oo 


10 


ee 
100 | 
ae 


= 
Oo 


i. 
Oo 
oO 
s | 


Data In Valid to Write Enable HIGH Time 


Write Enable HIGH to Data In Do Not Care 
Time 


me Address Valid to Write Enable LOW Time 
tc Chip Select LOW to Write 
Ww Enable HIGH Time (Note 4) 
tw Write Enable HIGH To Output Turn On 
0 (Note 6, 7) 


Notes: See notes following DC Characteristics table. 


a 
o 
oO 


™~ 
=) 
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WAVEFORM 


INPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROM H TOL 


SWITCHING WAVEFORMS 


KEY TO SWITCHING WAVEFORMS 


OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANGING 


FROM H TOL 


may cHance WILL BE 


CHANGING 
FROML TOH = EROML TOH 


CHANGING; 
STATE 
PERMITTED UNKNOWN 


CENTER 
DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 
“OFF” STATE 


| met se | ser Soe: | | — Steed | 


\AAAAAAA v 
ava LY XAXX KA \ RR) . 


CHiP 


WRITE 


OATA OUT 


“" Py Ky 4, 
YX 


; 4.9.9 
tona ACCESS) --tona—-4 tow 
DATA IN 


XX weur WA 
NX S742 AXY 


(ADDRESS 


WF000191 
Notes: See notes following DC Characteristics table. 
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TYPICAL PERFORMANCE CURVES 


Normalized Suplily Current Versus Normalized Access Time Versus Normalized Access Time Versus 
Supply Voltage Supply Voitage Output Loading 


CAPACITANCE LOAD — pF 
P00090 
. F OP000912 


OP000892 


Normalized Access Time Versus Normalized Supply Current Versus 
Ambient Temperature Ambient Temperature 


NORMALIZED Icc 


T, — AMBIENT TEMPERATURE - °C T, — AMBIENT TEMPERATURE — °C 
OP000922 OP000932 
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Am9114/Am91L14 


1024x4 Static RAM 


ct 


Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 


@ Low operating and standby power 
@ Access times down to 200 ns 
@ Am9114 is a direct plug-in replacement for 2114 


@ High output drive: 3.2-mA sink current @ 0.4 V 
@ TTL-identical input/output levels 


GENERAL DESCRIPTION 


The Am9114/Am91L14 Series are high-performance, stat- 
ic, N-Channel, read/write, random-access memories orga- 
nized as 1024 x 4. Operation is from a single 5-V supply, 
and all input/output levels are identical to standard TTL 
specifications. Low-power version is available with power 
savings of over 30%. 


Data readout is not destructive and the same polarity as 
data input. CS provides for easy selection of an individual 
package when the outputs are OR-tied. The outputs of 3.2 
mA for Am9114 provides increased short-circuit current for 
improved capacitive drive. 


BLOCK DIAGRAM 


A3 ADORESS 
Ag BUFFERS 
As 

Ae, 

A7 ROW 
As DECODERS 
Ag ADORESS 
Ay BUFFERS 
% COLUMN 
cs 
WE 


Vcc te ee 


GNO ————e- 


VO}. 
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STORAGE MATRIX 


SENSE AMPLIFIERS 


DATA BUFFERS 


poe 


vO2 103 1:04 
BD000082 
icati Rev. Amendment 
01454 e rr) 


Issue Date: January 1989 


PRODUCT SELECTOR GUIDE 


Part Number Am9114/91L14 Am9114/91L14 
Speed Indicator Giger Bee 


PE in Ba ee 
Maximum 
Standard 
0 to +70°C Icc (mA) 
LEO | RO AL ty SO | 


Standard 
-55 to +125°C | Ioc (mA) 


CONNECTION DIAGRAM 
Top View 


DIPs 


ADDRESS 6 | | 1 18} | voc 


ADDRESS 5/| | 2 17] | ADDRESS 7 
ADDRESS 4 | | 3 16} | ADORESS 8 
ADDRESS 3 | | 4 15| | ADDRESS 9 
ADORESS 0 | | 5 14 | | INPUT/OUTPUT 1 
ADORESS 1/ | 6 13 | | INPUT/OUTPUT 2 
ADORESS 2} | 7 12] | INPUT/OUTPUT 3 
CHIP SELECT [_| 8 11 { ] INPUT/OUTPUT 4 


Vss (]9 10 [_]) WRITE ENABLE 


CD000132 


Note: Pin 1 is marked for orientation. 


METALLIZATION AND PAD LAYOUT 


vO3 "O01 
— —_ Ce re 


vos COLO...COL 15 vo2 COLO...cOL'S 
\ 


- Address Designators 


re 
| cCOLO...CcOL15 
1 


| 


oe | 
INTERNAL COLO...COL 15 
| | 


BE. 
=| 


INTERNAL 
ROW 0 


___ INTERNAL 
ROW 63 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


4 


. OPTIONAL PROCESSING 
Biank = Standard processing 
B = Burn-in 


. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 


. PACKAGE TYPE 
P = 18-Pin Plastic DIP (PD 018) 
D = 18-Pin Ceramic DIP (CD 018) 


a. DEVICE NUMBER/DESCRIPTION 
Am9114/Am91L14 
1024 x 4 Static RAM 
Am91L14 = Low-Power Version 


Valid Combinations Valid Combinations 
AM9114B Valid Combinations list configurations planned to be 
AM91L148 supported in volume for this device. Consult the local AMD 
AM9114C PC. PCB sales office to confirm availability of specific valid 
AMO1L14C DC, DCB combinations, to check on newly released combinations, and 
AM9114E to obtain additional data on AMD's standard military grade 
products. 


AM91L14E 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) is formed by a 
combination of: a. Device Number 

b. Speed Option (if applicable) 
. Device Class 
. Package Type 
e. Lead Finish 


AM9124 B /B 


a0 


\< 


A 
eae LEAD FINISH 


A= Hot Solder Dip 


d. PACKAGE TYPE 
V = 18-Pin Ceramic DIP (CD 018) 


c. DEVICE CLASS 
/B =Class B 


b. SPEED OPTION 
B = 450 ns 
C = 300 ns 
E = 200 ns 


a. DEVICE NUMBER/DESCRIPTION 
Am9114/Am91L14 
1024 x4 Static RAM 
Am91L14 = Low-Power Version 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 

Group A Tests 


Group A tests consist of Subgroups 
5 rie or Ry Pe A a | es 
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PIN DESCRIPTION 


Ap-Ag Address Inputs WE 


The address input lines select the memory location from 
which to read or write. 


CS_ Chip Select (input, Active LOW) 
The CS line selects the memory device for active operation. 


Write Enable (input, Active LOW) 
When both CS and WE are LOW, data on the input lines is 
written to the location presented on the address input lines. 


1/0;,-1/04 Data In/Out Bus (Bidirectional) 
These lines provide the path for data to be written to or read 
from the selected memory location. 


Vcc Power Supply 
Vss Ground 


TABLE 1. SUPPLY CURRENT ADVANTAGE 
Worst Case Current 
(mA at 0°C) 
Part 100% 50% 


9114 280 280 
91L14 200 200 


9114 840 840 
91L14 600 600 


9114 2240 2240 
91L14 1600 1600 


RT Sis SSE SO RGR tS Ans AT NOE eI TARE SEM STN TOS OMe A LOSE EP Ge pt TER Eee PIE Ee EE 
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ABSOLUTE MAXIMUM RATINGS (Note 1) OPERATING RANGES (Note 2) 


Storage Temperature ...................cc cee eee —65 to +150°C Commercial (C) Devices 
Ambient Temperature with Ambient Temperature (Ta) ................... 0°C to +70°C 
oe Se a rs -55 to +125°C Supply Voltage (Voc) ............seeeeeees +4.5V to +55 V 
wens He skate FR -0.5 V to +7.0 V Military (M) Devices* 
raspads 2 CSW irisk css sae rea cacsnieess -0.5 V to +7.0 V RE OEE EG) ese cers =po Ge tee 
PONE TOME aa assess ccesvetspunteseecrineeseduscngs tas 1.0 W BL Eh se See Se 
ST BS. Ri ee reas mere 10 mA : ; as j 
Operating ranges define those limits between which the 
The products described by this specification include internal functionality of the device is guaranteed. 
circuitry designed to protect input devices from damaging 
accumulations of static charge. It is suggested nevertheless, “Military products 100% tested at Tc = + 25°C, + 125°C 
that conventional precautions be observed during storage, and - 55°C. 
handling and use in order to avoid exposure to excessive 
voltages. 


DC CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, Group A, Subgroups 


1, 2, 3 are tested unless otherwise noted) 
Parameter Parameter 
Symbol Description Test Conditions 
a 


TA=TO 
lo Output LOW Current VoL = 0.4V 2 ) ee mA 
Ta =+125°C | 91(L)14 = 2 eS 


eo ee 
[=o | 08 
| ee 


input LOW Voltage 


Input Load Current Vss SVin SVoc 


Output Leakage Current ee Noo ce Ane eg 
g Output Disabled Ta =-55 to + 125°C | =50- | 80: 4 


91(L)14C 75 

Output Short Circuit Current (L) Sas Se = 
= Sees Se 

Standard devices Sasa See 

A= 

loc Operating Supply Current Voc = Max. 


ee ee 
SVit Ta =-55°C | Standard devices 80 
A L devices 60 
Input Capacitance f= 1.0 MHz, See es 
(Note 7) Ta = 25°C, pF 


Notes: 1. Absolute Maximum Ratings are intended for user guidelines and are not tested. 

2. For test and correlation purposes, ambient temperature is defined as the ‘'Instant-ON'' case temperature. 

. For test purposes, not more than one output at a time should be shorted. Short-circuit test duration should not exceed 30 seconds. Actual 
testing is performed for only 5 ms. : 

. Test conditions assume signal transition time of 10 ns or less, timing reference levels of 1.5 V, output loading of the specified lo. /loH plus 
100 pF or plus 5 pF for Tox, Totp and Totw. 

5. The internal write time of the memory is defined by the overlap of CS LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminate a write by going HIGH. The data input setup and hold timing should be referenced to the rising edge of the signal 
that terminates the write. 

. The specified address access time will be valid only when Chip Select is low soon enough for tco to elapse. 

. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where these 
parameters may be affected. 

8. Transition is measured from 1.5 V on the input to (VoH-500 mV) and (Vo; + 500 mV) on the output. 


> @ 


NO 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, 
Group A, Subgroups 9, 10, 11 are tested unless otherwise noted) (Notes 4-6) 


E Devices 
a 
Symbol Description 

READ CYCLE 

Eo 

[= 

(Address Access Time) 

20 | 


Chip Select HIGH to Data Out Off (Notes 7, 8) 
Output hold after address change 


me 
700 | 
ae 
To 
ae 
fad 
2 
mg 
= 
oe 
a 
ae 


aa Chip Select LOW to Write 
Enable HIGH Time (Note 5) 


Notes: See notes following DC Characteristics table. 


EES Re sae Soe NO PARED ONE ORCL STONERS NOR: ME REC BS ORILSRA SE Ie PST TS a eae PE 
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SWITCHING WAVEFORMS 


WAVEFORM 


INPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROM H TOL 


MAY CHANGE 
FROM L TOH 


DON'T CARE; 
ANY CHANGE 
PERMITTED 


DOES NOT 
APPLY 


OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


WILL BE 
CHANGING 
FROML TOH 


CHANGING; 
STATE 
UNKNOWN 


CENTER 


LINE IS HIGH 
IMPEDANC 
“OFF” STATE 


KEY TO SWITCHING WAVEFORMS 


KS000010 


READ CYCLE READ CYCLE WRITE CYCLE 


obra 


= : | S == 
L/ 


AOORESS 


ta 
(ADORESS access) | 


x a ry ry 
a, 


00'0'0'4'0'0'0's + 66% 
BOY Y YY KYA 


ies uoonest access) ——"1 5 | 


| 
tona—"4 


Am9114/Am91L14 


OW 
| (NOTE 4) | 


WF000171 


Notes: See notes following DC Characteristics table. 
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TYPICAL PERFORMANCE CURVES 


Normalized Access Time 


Normalized Supply Current Normalized Access Time 
Versus Supply Voltage Versus Supply Voltage Versus Output Loading 


NORMALIZED tacc 


CAPACITANCE LOAD — pF 
OP000552 


Voc 
OP000532 heii: 


Normalized Access Time Normalized Supply Current 
Versus Ambient Temperature Versus Ambient Temperature 


T, — AMBIENT TEMPERATURE - °C 
OP000202 
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Am2147/Am21L47 Advanced 
4096x1 Static RAM Devices 


DISTINCTIVE CHARACTERISTICS 


@ High speed — access times down to 35 ns maximum 
@ Automatic power-down when deselected 
@ Low power dissipation 


@ High output drive 
@ TTL compatible interface levels 
@ No power-on current surge 


GENERAL DESCRIPTION 


The Am2147/Am21L47 Series are high-performance, 
4096 x 1-bit, static, read/write, random-access memories. It 


is organized as 4096 words by one bit per word. All. 


interface signal levels are identical to TTL specifications, 
providing good noise immunity and simplified system de- 
sign. All inputs are purely capacitive MOS loads. The 
outputs will drive up to seven standard TTL loads or up to 
six Schottky TTL loads. 


power-down mode which reduces power dissipation by 
more than 85%. When selected, the chip powers up again 
with no access time penalty. 


Data In and Data Out use separate pins on the standard 18- 
pin package. Data Out is the same polarity as Data In. Data 
Out is a three-state signal allowing wired-or operation of 
several chips. Data In and Data Out may be connected 


. f ob ' 
Only a single +5-volt power supply is required. When together for operation in a common data bus environment 


deselected (CS > Vix), the Am2147 automatically enters a 


BLOCK DIAGRAM 


ADORESS 
BUFFERS 
AND 
ROW 
DECODERS 


STORAGE 
CELL 
MATRIX 
64 x 64 


SENSE/WRITE AMPLIFIERS 


AODRESS 
BUFFERS 
AND 
COLUMN 


DECODERS 
VO CONTROL AND BUFFER 


DATA DATA 
OuT IN 


BDO00051 


PRODUCT SELECTOR GUIDE 
Part Number Am2147-35 | Am2147-45 | Am21L47-45| Am2147-55 | Am21L47-55| Am2147-70 | Am21L47-70 


Maximum Access 
aon es ae 
Maximum Active 160 
Current (mA) (180 mil) 
Maximum Standby 
Current (mA) 
Full Military Operating 
Range Version 


CONNECTION DIAGRAMS 


Top View 
DIPs* LCC 
a r—) Fa es 
< < > < 
Vec 
ee SS it SS es SS Se 
Ae 2 1 
Ao Ay 
Ay 
A A 
As 8 
Ag A, Ag 
A1o As A1o 
Ai 
Oour Ay 
Din Ss 11 
& anaus 
wd wo \2 z 
F: s a 
CD000091 CD000100 


*Also available for military customers in an 18-Pin Ceramic Flatpack. Pinout is identical to DIPs. 


Note: Pin 1 is marked for orientation. 


BIT MAP 


Address Designators 


[eset [es 


4032 


4095 


Die Size: 0.130 x 0.106 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid 
Combination) is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM2147 -35 DB Cc B 


ee OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 
d. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 
c. PACKAGE TYPE 
P = 18-Pin Plastic DIP (PD 018) 
D = 18-Pin Ceramic DIP (CD 018) 
L = 18-Pin Rectangular Ceramic Leadiess Chip 
Carrier (CLRO18) 
b. SPEED OPTION 


See Product Selector Guide 


a. DEVICE NUMBER/DESCRIPTION 
Am2147/Am21L47 
4K x 1 NMOS Static R/W RAM 
Am21L47 = Low-Power Version 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
PC, PCB, DC, DCB, sales office to confirm availability of specific valid 
Lis bree combinations, to check on newly released valid combinations, 
and to obtain additional data on AMD's standard military 
grade products. 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) 
is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Device Class 

d. Package Type 

e. Lead Finish 


AM2147 -—45 JB ae 


A 
me . LEAD FINISH 


A= Hot Solder DIP 
C = Gold 


. PACKAGE TYPE 
V = 18-Pin Ceramic DIP (CD 018) 
U = 18-Pin Rectangular Ceramic Leadiess 
Chip Carrier (CLRO18) 
__ = 18-Pin Ceramic Flatpack 


. DEVICE CLASS 
/B =Class B 


. SPEED OPTION 
-45 = 45 ns 
-55 = 55 ns 
-70=70 ns 


a. DEVICE NUMBER/DESCRIPTION 
Am2147 
4K x 1 NMOS Static RAM 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 


Group A Tests 


Group A tests consist of Subgroups 
1-2, 3-7-0 8 


PIN DESCRIPTION 


Ag-Ai;i Address inputs Din Data In (input) 
The address input lines select the RAM location to be read This pin is used for entering data during write operations. 
itten. 
ee. Dour Data Out (Output, Three-State) 
CS_ Chip Select (input, Active LOW) This pin is three state during write operations. It becomes 
The Chip Select selects the memory device. active when CS is LOW and WE is HIGH. 


WE Write Enable (input, Active LOW) Ton 
When WE is LOW and CS is also LOW, data is written into 
the location specified on the address pins. Vss Ground 


Power Supply 
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ABSOLUTE MAXIMUM RATINGS 


OPERATING RANGES 


Storage Temperature ..................cceeeee eee -65 to +150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (Ta) ..............ceeeeeee 0 to +70°C 
PRINT PENNER daz cas a scs ech vcececivecticcueeas -55 to +125°C Supply Voltage (Vcc) ..............eeee +45 V to +55 V 

be ee ak. Pe Lap el i Le ep eek -0.5 V to +7.0 V Military (M) Devices 

ee = sete -35 V to +7.0 V Ambient Temperature (Ta)*................ -55 to +125°C 

I © NCIINONE is dit os) oc aio ua sh patel sacle one eae piekubpetcee 1.2 W Sati ie ari nah Sa eee ae Se oe 

ERAN CAMPONT ces rv Cuaeatn ale octuenancerasaeccecss sobre 20. mA 


Operating ranges define those limits between which the 


Stresses above those listed under ABSOLUTE MAXIMUM functionality of the device is guaranteed. 


RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


*Ta is defined as the "instant on'' case temperature. 


Absolute Maximum Ratings are for system-design 
reference; parameters given are not 100% tested. 


DC CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, Group A, 
Parameter Parameter 


Subgroups 1, 2, 3 are tested unless otherwise noted) 

Am2147-35 | Am21L47-45 

Am2147-45 | Am21L47-55 

Am2147-55 | Am21L47-70 | Am2147-70 
Symbol Description Test Conditions 


Ton | Output igh Curent | Von=24V eee Pe 


[tox ower tow cunt Ett fc De ae Ba Wie DAR es Te 
| Vin___| Input High Voltage ee a 
eee 


cosa 
Voo Operating Max. Voc 22S aes mA 
part a ett ae Output Open BSE ee Ree et a i 


Automatic CS Power | Max. Voc, (S> [| Ta=Oto7orc | | 30 | 8 | 20 
Down Current Vid {Note 2) SPSL SE oe aes ee Ee a ee 


Notes: 1. Test conditions assume signal transition times of 10 ns or less, timing reference levels of 1.5 V, input pulse levels of 0 to 3.0 V 
and output loading of the specified low/ loH and 30 pF load capacitance. Output timing reference is 1.5 V. 

2. The internal write time of the memory is defined by the overlap of CS LOW and WE LOW. Both signals must be low to initiate a 
write and either signal can terminate a write by going HIGH. The data input setup and hold timing should be referenced to the 
rising edge of the signal that terminates the write. 

. A pull-up resistor to Voc on the CS input is required to keep the device deselected during Vcc power up. Otherwise Isp will 
exceed values given. 
. These parameters are not 100% tested, but guaranteed by characterization. 
. Chip deselected greater than 55 ns prior to selection. 
. Chip deselected less than 55 ns prior to selection. 
Transition is measured at 1.5 V on the input to VoH-500 mV and Vo, + 500 mV on the outputs using the load shown in 
rae B under Switching Test Circuit. 
is HIGH for read cycle. 
. Device is continuously selected, CS = V, 
. Address valid prior to or coincident with CS transition LOW. 


VoL = 0.4 V 


[Vi | Input Low Voltage SecA BESTEST 
PMN oc Input Load Current Vss S$Vi SVoc 


Output Leakage GND < Vo < Vcc 
Current Output Disables 


ik: eae Input en ala Test is greg = 1.0 MHz i 4) 


oom Aes wo 


—s 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified (Note 1) (for APL 
Products, Group A, Subgroups 9, 10, 11 are tested unless otherwise 
noted) 


Am2147-45 | Am2147-55 | Am2147-70 
Am21L47-45 | Am21L47-55 | Am21L47-70 


Parameter Parameter 
Symbol Description 


READ CYCLE 
, ine Address Valid to Address Do Not Care 70 
Time (Read Cycle Time) 
Address Valid to Data Out Valid Delay 
(Address Access Time) 


ae Chip Select LOW to Data 
oi eee | | aoe eee eee 


is Chip Select LOW to Data Out On 
(Notes 4 & 7) 
Chip Select HIGH to Data Out Off 
(Notes 4 & 7) 


ae Output hold after address change 


Chip Select HIGH Power Down Delay 
(Note 4) 
t Chip Select LOW to Power Up Delay 
PU (Note 4) 


WRITE CYCLE 


tw Address Valid to Address Do Not Care 70 
Cc (Write Cycle Time) 
tas Write Enable LOW to Write Enable High 
P (Note 2) 


EAS Awe Write Enable HIGH to Address 


Write Enable LOW to Output in Hi Z 
(Notes 4 & 7) 


oe Data In Valid to Write Enable HIGH 


a a eo ce ce 
os Sere 


Chip Select LOW to Write Enable HIGH 
(Note 2) 

Write Enable HIGH to Output in Low Z 
(Notes 4 & 7) 


AE 2 | Address Valid to End of Write 


Notes: See notes following DC Characteristics table. 


SWITCHING TEST CIRCUITS 


Vec Vec 
$10 {2 §10 2 
DATA DATA 
OUT 30 pF OUT 
(INCLUDING 
= SCOPE AND ge =F 
JIG) 
eee TC000072 
A. Output Load B. Output Load 


for tyz, tLz, tow, twz 
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SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORMS 


WAVEFORM 


INPUTS OUTPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROM H TOL 


MAY CHANGE 
FROML TOH 


DON'T CARE; 
ANY CHANGE 
PERMITTED 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


WILL BE 
CHANGING 
FROM L TOH 


CHANGING; 
STATE 
UNKNOWN 


CENTER 
LINE IS HIGH 
IMPEDANCE 
“OFF” STATE 


DOES NOT 
APPLY 


tac 


ADDRESS 


DATA OUT 


PREVIOUS DATA VALIO 


DATA VALID 


WF000461 


Read Cycle No. 1 (Notes 8, 9) 


DATA OUT 


Read Cycle No. 2 (Notes 8, 10) 


Notes: See notes following DC Characteristics table. 
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SWITCHING WAVEFORMS (Cont'd.) 


twe 


ae ee ee 


3 ANAS ELILLALLLLLLLL 


taw twr 
tas twe 


we WAS 


tow tow 


OATA IN DATA IN VALID ee: 


wz tow 
HIGH IMPEDANCE 
DATA OUT DATA UNDEFINED 


WFO000211 


Write Cycle No. 1 (WE Controlled) 


twe 


a 


taw twrR 
twe 


we \\AAAAAAAAAAAAAANS ELILILLLLLL LLL 


DATA IN 


a HIGH IMPEDAN 
OATA OUT DATA UNDEFINED = 


WF000221 
Write Cycle No. 2 (CS Controlled) 


Note: If CS goes HIGH simultaneously with WE high, the output remains in a high impedance state. 
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TYPICAL PERFORMANCE CURVES 


Supply Current Supply Current Output Source Current 
Versus Supply Voitage Versus Ambient Temperature Versus Output Voitage 


-55-35 -155 25 45 65 85 105 125 


Ta - °C 
OP000430 OP000440 
Normalized Access Time Normalized Access Time 
Versus Supply Voitage Versus Ambient Temperature Versus Output Voitage 


VCC = 5.0V 
Ta = 
40 45 50 55 6.0 55 —35-15 5 25 45 65 85 105 125 
vec -v Ta - °C VOUT - Vv 
OP000760 OP000230 OP000240 
Typical Power-On Current Access Time Change Access Time Change 
Versus Power Supply Versus Input Voltage Versus Output Loading 


Am2148/Am2149/Am21L48/Am21L49 — 4-43 


ct 


Am2148/Am2149 


Am21L48/Am21L49 acs 00 
1024x4 Static RAM Devices 


DISTINCTIVE CHARACTERISTICS 


@ Low power dissipation 
- Am2148: 990 mW active, 165 mW power down 
-— Am21L48: 688 mW active, 110 mW power down 
@ High output drive 
~— Up to seven standard TTL loads 


@ High speed — access times as fast as 35 ns 

@ Fully static storage and interface circuitry 

@ Automatic power-down when deselected (Am2148) 
@ TTL-compatible interface levels 


GENERAL DESCRIPTION 


The Am2148 and Am2149 are high-performance, static, N- 
Channel, read/write, random-access memories, organized 
as 1024 x 4. Operation is from a single 5-V supply, and all 


The Am2148 power decreases from 990 mW to 165 mW in 
the standby mode. The CS input does not affect the power 
dissipation of the Am2149. 


input/output levels are identical to standard TTL specifica- 
tions. The Am2148 and Am2149 are the same except that 
the Am2148 offers an automatic CS power-down feature. 


Data readout is not destructive and has the same polarity 
as data input. CS provides for easy selection of an 


The Am2148 remains in a low-power standby mode as long individual package when the outpuls. sre, Owed: 


as CS remains HIGH, thus reducing its power requirements. 


BLOCK DIAGRAM 


STORAGE MATRIX 


FRPP EPS 


Ye at a 


DATA BUFFERS 


Al 3 


VO; VO2 O03 O04 
BD000270 


PRODUCT SELECTOR GUIDE 


Part Number Am2148/9 | Am2148/9 | Am21L48/9| Am2148/9 | Am21L48/9| Am2148/9 | Am21L48/9 
-35 -45 -45 -55 -55 -70 -70 
pie [oe | ee i ee ee 


|!cc Max.(mA) | 0 to 
Fee Ses ae TR es ala is eae aa kes «ED lag 


“esto |N/A | 160 | N/A | 180 | N/A | 100 | N/A 
+1266 [wa [30 | WA | 90 | wa | 90 | NA __ 


*Am2148 and Am21L48 only. 


Publication # Rev. Amendment 
4- 4 4 03210 F /0 
Issue Date: January 1989 


CONNECTION DIAGRAMS 
Top View 


DIPs 


CD000350 


Note: Pin 1 is marked for orientation. 


METALLIZATION AND PAD LAYOUT 


Address ee 


intern 


Die Size: 0.107” x 0.145” 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid 
Combination) is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


D C B 


AM2148 
. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 
. TEMPERATURE RANGE 
C =Commercial (0 to + 70°C) 
. PACKAGE TYPE 
P = 18-Pin Plastic DIP (PD 018) 
D = 18-Pin Ceramic DIP (CD 018) 
L = 18-Pin Rectangular Ceramic Leadless Chip 
Carrier (CLRO18) 
. SPEED OPTION 
See Product Selector Guide 
a. DEVICE NUMBER/DESCRIPTION 


Am2148 = 1K x 4 NMOS Static RAM with Power-Down 
Am21L48 = Low-Power Version 

Am2149 = 1K x 4 NMOS Static RAM 

Am21L49 = Low-Power Version 


Valid Combinations 
Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 


sales office to confirm availability of specific valid 
combinations, to check on newly released valid combinations, 
and to obtain additional data on AMD's standard military 


rade products. 

AM21L49-70 g P 
AM2148-45 
AM2149-45 
AM2148-55 PC, PCB, 

DC, DCB, 
AM2149-55 LC, LCB 
AM2148-70 
AM2149-70 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) 
is formed by a combination of: a. Device Number 


b. Speed Option (if applicable) 
c. Device Class 
d. Package Type 
e. Lead Finish 
AM2148 -45 /B Vv 


A 
cee LEAD FINISH 


A=Hot Solder Dip 
C = Gold 


d. PACKAGE TYPE 
V = 18-Pin Ceramic DIP (CD 018) 
U = 18-Pin Rectangular Ceramic Leadiess 
Chip Carrier (CLRO18) 


c. DEVICE CLASS 
/B =Class B 


b. SPEED OPTION 
-45=45 ns 
-55 = 55 ns 
-70=70 ns 


a. DEVICE NUMBER/DESCRIPTION 
Am2148 = 1K x 4 NMOS Static RAM with Power-Down 
Am2149 = 1K x 4 NMOS Static RAM 


Valid | “Valid Combinations si 


AM2148-45 

| AM2149-45 0 49- | AM2149-45 0 Valid Combinations 

| AM2148-55 55 Valid Combinations list configurations planned to be 
/BVA supported in volume for this device. Consult the local AMD 

ae 55 : ; en ages fas s 

sales office to confirm availability of specific valid 
i —— | AM2148-700 | combinations or to check for newly released valid 
| AM2149-70 70 combinations. 


| AM2148-45 00 | AM2148-45 00 


Group A Tests 


Group A Tests consist of Subgroups 
We! 3.7, B;.9, 10, Tt. 


PIN DESCRIPTION 


Ag-Ag Address inputs 1/04-1/04 Data In/Out Bus (Bidirectional, Active 
The address input lines select the RAM location to be read HIGH) 
or written. These |/O lines provide the path for data to be read from or 


written to the selected memory location. 


CS_ Chip Select (input, Active LOW) 


The Chip Select selects the memory device. 


WE Write Enable (input, Active LOW) 
When WE is LOW and CS is also LOW, data is written into Vss Ground 
the location specified on the address pins. 


Vcc Power Supply 
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ABSOLUTE MAXIMUM RATINGS 


OPERATING RANGES 


Storage Temperature ....................eeeeeees -65 to + 150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (Ta) ...................05- 0 to +70°C 
Power Aetled asic. Beasties ies -—55 to + 125°C Supply Voltage (Voc) ...........:.0.eees +45 V to +55 V 

Supply Voltage .... sepa esth elites Sota peaeeee nds -0.5 V to +7.0 V Military (M) Devices 

Signal Voltages with Ambient Temperature (T,*)..............+. -55 to + 125°C 

Respect to Ground ....................eeeeee -3.5 V to +7.0 V Supply Voltage (VCC) ....c...cscsceeee0- +45 V to +55 V 

POET: SRI os x ac an aca a cineevigcens cap ecaiecsausas 1.2 W 

Gs TOOT Be a re oh Me errr rer arr 20 mA 


Operating ranges define those limits between which the 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


functionality of the device is guaranteed. 


*Ta is defined as the "instant on'' case temperature. 


Absolute Maximum Ratings are for system-design 
reference; parameters given are not 100% tested. 


DC CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, Group A, 
Subgroups 1, 2, 3 are tested unless otherwise noted) 


Parameter 


Symbol Test Conditions 


GND <Vo <Vcc 


Output Disabled Ta =-55 to+ 125°C 


Test Frequency = 1.0 MHz 
Ta = 25°C, All Pins at 0 V, Voc =5 V 
(Note 12) 


Max. Voc, CS< Vi. 
Capa Opes 
Max. Vcc, 
(CS > Vin) 


2278 
ia==55 wor 1250 | | 2050 | | #0650 


Notes: 1. Test conditions assume signal transition times of 10 ns or less, timing reference levels of 1.5 V, input pulse levels of 0 to 3.0 V and 
output loading of the specified Io. /loOH and 30 pF load capacitance. Output timing reference is 1.5 V. 

2. The internal write time of the memory is defined by the overiap of CS LOW and WE LOW. Both signals must be LOW to initiate a 
write and either signal can terminate a write by going HIGH. The data input setup and hold timing should be referenced to the 
rising edge of the signal that terminates the write. 

. Apullup resistor to Vcc on the CS input is required to keep the device deselected during Voc power up. Otherwise Ipo will exceed 
values given (Am2148 only). 

. The operating ambient temperature is defined as the ''instant-ON" case temperature. 

. Chip deselected greater than 55 ns prior to selection. 

. Chip deselected less than 55 ns prior to selection. 

. Transition is measured +500 mV from steady state voltage with specified loading in Figure B. These parameters are sampled and 
not 100% tested. 

. WE is HIGH for read cycle. 

. Device is continuously selected, CS = Vj,. 

. Address valid prior to or coincident with CS transition LOW. 

. For test purposes, not more than one output at a time should be shorted. Short circuit test duration should not exceed 30 
seconds. 

. This parameter is sampled and not 100% tested, but guaranteed by characterization. 


= 
= 
— 
= 
= 
= 
=a 
= 


rs 
~ 
> 


Max. Vcc, 
(CS > Vin) 
Notes 3 & 12 


GND <Vo9 <Vcc 
(Notes 11, 12) 


_Min. | Max. | Min. | 
ere mee 
ee 
ra0_|so [20 
ros | 08-05” 
ad ee 
a = sae 
es 
en Ee ee 
seas oS ce 
fates 
Tet 
Benes eS Be 
ee 
ia 


ra =z 
< ~ 
> > 


—_ =_ 
— O © © NOON @ 


_— 
Mh 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified (Note 1) (for APL 
Products, Group A, Subgroups 9, 10, 11 are tested unless otherwise noted) 


Am2148/9-45 | Am2148/9-55 | Am2148/9-70 
Am2148/9-35 | Am21L48/9-45 | Am21L48/9-55 | Am21L48/9-70 


Parameter 
Description 


Read Cycle 
t Address Valid to Address Do Not Care 
Time (Read Cycle Time) 
t Address Valid to Data Out Valid Delay 
(Address Access Time) 


Chip Select LOW to Data Out 
Valid (Am2148 only) = 
eae 
ges: 
Be. 


t Chip Select LOW to Data Out Valid 

ACS (Am2149 only) 

t Chip Select LOW to 
Data Out On (Notes 7 & 12) 


aya Chip Select HIGH to Data Out Off (Notes 7 & 
12) 


Output hold after address change pane oa 
Chip Select HIGH to Power Down 
Chip Select LOW to Power Up 


t 
t 


70 
0 


7 


Address Valid to Address Do Not Care (Write 35 
Cycle Time) 


Write Enable HIGH to Address 


Write Enable LOW to Output in High Z 
(Notes 7 & 12) 


RC 
AA 
LZ 
HZ 
: nese ae 
t Write Enable LOW to Write Enable HIGH (Note 
WP 2) 
. aes ee 
pany ae 
Data In Valid to Write Enable HIGH nprepaes Aas See = 
aoe 
AS 
cw 
AW 


ow 
aaa 


t Address Valid to Write Enable LOW 


t 
t 
t Chip Select LOW to Write Enable HIGH 
(Note 2) 
to Write Enable HIGH to Output in Low Z 
Ww (Notes 7 & 12) 


Address Valid to End of Write 


Notes: See notes following DC Characteristics table. 


1 


coe ees 
NN] oO 


8 
19 


10 
ae | 
ca 
aoe ace Ee 
208 oz ae 
ae 
Ca ei 


SWITCHING TEST CIRCUITS 


Vec Vec 
510 () 510 {) 
DATA DATA 
OUT 30 pF eid 
300 (? (INCLUDING 300 () 5 pF 
SCOPE ANO 
JIG) 
TC000062 
TC000072 
A. Output Load B. Output Load 


for tyz, tLz, tow, twz 
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SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORMS 


WAVEFORM OUTPUTS 


WILL BE 
STEADY 


MAY CHANGE 
FROM H TOL 


may cuance WILL BE 


CHANGING 
FROML TOH FROM L TOH 


DON'T CARE; CHANGING; 
ANY CHANGE STATE 
PERMITTED UNKNOWN 


CENTER 
LINE IS HIGH 
IMPEDANCE 
“OFF” STATE 


KS000010 


trac 


AODRESS 


OATA OUT PREVIOUS DATA VALID 


DATA VALIO 


WF000461 
Read Cycle No. 1 (Notes 8, 9) 


DATA OUT 


WF000241 


Read Cycle No. 2 (Notes 8, 10) 


Notes: See notes following DC Characteristics table. 
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SWITCHING WAVEFORMS (Cont'd.) 


ADDRESS 


& ELLLLALLLLLLLL 


We 
tow on 
oo Cae 
twz tow 


HIGH IMPEOANCE 
DATA VO OATA UNDEFINED 


WFO000711 


Write Cycle No. 1 (WE Controlled) 


taw twa—~y 


WAAAY ELILLILLLLLL LLL 
j~————— tow Wate BO oe ‘ow 


| HIGH IMPEDANCE 
OATA VO DATA UNDEFINED 


WF000721 


al 


DATA VO 


Write Cycle No. 2 (CS Controlled) 


Note: If CS goes HIGH simultaneously with WE HIGH, the output remains in a high-impedance state. 
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TYPICAL PERFORMANCE CURVES 


Supply Current Supply Current Output Source Current 
Versus Supply Voltage Versus Ambient Temperature Versus Output Voltage 
125 
100 
< 
tn 
3 & 
$* & 
25 
A 65 -35 -15 5 25 45 65 85 105125 
%-s 
OP000730 OP000741 OP001081 
Normalized Access Time Normalized Access Time Output Sink Current 
Versus Supply Voitage Versus Ambient Temperature Versus Output Voltage 
120 : 
g 100 
: a 
$ t 80 ’ 
a | 60 
N | 
: * 
Voc = 5.0 V 
: * Ty = 25°C 
65 -35 -15 5 25 45 65 85 105125 
%- 
OP000761 OP000771 OP001091 
Typical Power-On Current Access Time Change Access Time Change 
Versus Power Supply Versus Input Voitage Versus Output Loading 
8 7 
' 
8 
4 
3 
A 


OP000791 
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Advanced 
Am91 50 Micro 
1024x4 High-Speed Static R/W RAM Devices 


DISTINCTIVE CHARACTERISTICS 


@ High density SLIM 24-pin 300-MIL package 
@ Three-state output buffers 

@ Single +5 V power supply +10% 

@ Low-power version 


1024 x 4 organization 

High speed—- 20 ns Max. access time 
Separate data inputs and outputs 
Memory reset function 


GENERAL DESCRIPTION 


The Am9150 is a high-performance, static, n-channel, 
read/write, random-access memory organized as 1024 x 4. 
It features single 5 V supply operation, TTL-compatible 
input and output levels, and separate input and output pins 
for improved system performance and ease of use. 


The Am9150 has four control signals R, S, W and G. The S 
input controls read, write and reset operations of the device 
and provides for easy selection of an individual device 
when the outputs are tied together. The W (WE) input 
controls the normal read and write operations, and the G 


: (OE) controls the state of the outputs. 
The Am9150 also incorporates a reset feature which will 


reset the entire contents of the memory to logical LOW in 
two cycle times by controlling R (RESET) and S (CS). 


BLOCK DIAGRAM MODE SELECT TABLE 


Ste ome | tate 


H xX » 4 Hi-Z Not Selected 


x 
L Hi-Z Reset 
Write 
Read 
Output Disable 


*See Reset cycle description. 


FPP IPF 


H = High 
L = Low 
X = Don't Care 


FPr?? 


DATA 1/0 
BUFFERS 


oO: zi e 
$i 3 Si 


Veg 


Dg Qy 0, Q, O02 O2 Dy Q5 
BD005261 


PRODUCT SELECTOR GUIDE 


ect +7oc | veo | vo | wo | 00 | vo | 190 
-s8° to +1250 wa | 100 | 100 | 00 | wa | NA 


Publication # Rev. Amendment 
04444 Cc /0 
Issue Date: January 1989 
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lIcc Max. (mA) 


CONNECTION DIAGRAMS 


Top View 
ADORESS 3 |_} 1 Voc (+5 V) 
aporess 4 (_ | 2 ADORESS 2 
aporess 5 [_ ] 3 ADORESS 1 
aporess 6 [__| 4 ADORESS 0 
avoress 7 [(_|5 RESET (RA) 
avoress 6 [_|6 CHIP SELECT (5) 
aporess 9 [_|7 WRITE ENABLE (W) 
DATAINPUT 0(Dp) [__| 8 OUTPUT ENABLE (G) 


DATA INPUT1(D;) [—] 9 DATA INPUT 3(D3) 


DATA OUTPUT 0(Q,) |_| 10 DATA INPUT 2(D2) 


DATA OUTPUT1 (Q,) [_] 11 DATA OUTPUT 3(Q3) 
GNO [_ }12 13] _] DATA OUTPUT 2(Q2) 
CD005931 
CD005963 


Note: Pin 1 is marked for orientation. 


LOGIC SYMBOL METALLIZATION AND PAD 
(DIP ONLY) LAYOUT 


19 891516 17 18 Address Designators 


SICS) Dg 01D203G(0E) WWE) 
Ao 


21 2 
22 ee 
+ R (RESET) }+— 20 : ’ eae 
1 5 19 
2 6 64 nee 
3 64 Rows = Columns 
4 32 Pe staal 
5 Row 63 Row 63 
6 . 63 
7 8 - 16 
Qp 040203 7 Fl 15 
walk j toned To 
Rites: 
10111314 Column 0 
LS001821 vetoes 


Die Size: 0.93” x 0.163” 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid 
Combination) is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


B 
a OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 


AM9150 -20 


d. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 


c. PACKAGE TYPE 
D = 24-Pin (300-Mil) Ceramic DIP (CD3024) 
L = 28-Pin Rectangular Ceramic Leadiess Chip 
Carrier (CLRO28) 


b. SPEED OPTION 
-20 = 20 ns 
—25 = 25 ns 
-~35 = 35 ns 
-45=45 ns 


a. DEVICE NUMBER/DESCRIPTION 
Am9150/Am91L50 
1024 x 4 High-Speed Static R/W RAM 
Am91L50 = Low-Power Version 


Valid | Valid Combinations 


Valid Combinations 


Valid Combinations list configurations planned to be 
ee 35 supported in volume for this device. Consult the local AMD 
ae LC, LCB- sales office to confirm availability of specific valid 
ee 25 combinations, to check on newly released combinations, and 
es ee 35 to obtain additional data on AMD's standard military grade 


products. 
ee L50-45 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) 
for APL products is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Device Class 

d. Package Type 


e. Lead Finish 


APL Products 


AM9150 -25 /B L 


oe LEAD FINISH 

A= Hot Solder Dip 
C = Gold 

d. PACKAGE TYPE 
L = 24-Pin (300-Mil) Ceramic DIP (CD3024) 
U = 28-Pin Rectangular Ceramic Leadless Chip 

Carrier (CLRO28) 

K = 24-Pin CERPACK (CFM024) 

c. DEVICE CLASS 
/B =Class B 

b. SPEED OPTION 


a. DEVICE NUMBER/DESCRIPTION 
Am9150 
1024 x 4 High-Speed Static R/W RAM 


Valid Combinations 


AM9150-25 /BLA 


/BUC 
/BKA 


AM9150-45 


-25 = 25 ns 
-35 =35 ns 
-45=45 ns 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 


Group A Tests 


Group A tests consist of Subgroups 
1,2; 3, 7, 8, SF 16-7 Th 


PIN DESCRIPTION 


Ag-Ag Address (inputs) 
The 10 address inputs select one-of the 1024 4-bit words in 
the RAM. 


S Chip Select (input; Active LOW) 
An active-LOW input which selects the device for operation. 
When §S is HIGH, the device is deselected and the outputs 
will be in a high-impedance state. 


W Write Enable (input; Active LOW) 
W controls read and write operations. When W is HIGH and 
G is LOW, data will be present at the data outputs. When W 
is LOW, data present on the data inputs will be written into 
the selected memory location. The data outputs will be in a 
high-impedance state. 
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R_ RESET (Input; Active LOW) 
An active-Low pulse on R while Ao - Ag are stable, S is 
LOW, and W and G are HIGH resets the whole memory. 


G Output Enable (input; Active LOW) 
G controls the state of the data outputs in conjunction with S 
and W. 


Do-D3 + # Data Input 
Data inputs to the RAM. 
Qo-Q3 Data Output 


Data outputs from the RAM. The data outputs will be in a 
high-impedance state when either S or G are HIGH or W is 
LOW. 


Vcc Power Supply +5 Volts 
Vss Ground 


Am9150 


ABSOLUTE MAXIMUM RATINGS (Note 1) OPERATING RANGES (Note 2) 


Storage Temperature ..................00cceeeees -65 to + 150°C Commercial (C) Devices 
Ambient Temperature with Ambient Temperature (Ta) .............2..e0000s 0 to +70°C 
Power Applied ...............cccscceeseeneeneees -55 to +125°C Supply Voltage (VCC) ..........sesceceeceeseees +5.0 V+10% 
Supply Voltage with Milita 
ry (M) Devices 
ees Sea Se ee as SE 0.5 V1 47.09 Ambient Temperature (Ta) ...............-. -55 to +125°C 
Supply Volt MGS soc saeiataisinveiieiavies +5. +109 
Respect to Ground................00000050. -3.5 V to +7.0 V Uppy _verage Cd) ove 
Power Dissipation (Package Limitation) .......... nex 1.2 W : =e ; 
DC Output Current ee eS 2 see ee © 20 mA Operating ranges define those limits between which the 


functionality of the device is guaranteed. 
The products described by this specification include internal 
circuitry designed to protect input devices from damaging 
accumulations of static charge. It is suggested nevertheless, 
that conventional precautions be observed during storage, 
handling and use in order to avoid exposure to excessive 
voltages. 


DC CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, Group A, 
Subgroups 1, 2, 3 are tested unless otherwise noted) 


Am91L50 


Parameter Parameter 
Symbol Description Test Conditions | Min. | Max. | Min. | Max. | Unit 
ion | Output HIGH Current___| Vou=24 V eee 
ik: [Gam OW Curt \Va-0a¥ sr ee te 
See ee a ee eee ae es ee See ee 
Vi.___| Input LOW Voltage Se ee ee ee 
ix | Input Load Current GND <Vi < Vos es ee ee ee ee ee 
loz Output Leakage Current GND <Vo <Vcc Output Disabled aS SS ee SS SS Se Se pA 
Ta = 25°C, All Pins at 0 V, pF 
Go| Output Capacitance Voo=5 V (Note 8) ee ee 
COM'L. 130 
= ve reds Soen a ees cae Se Se = 
Current Open Se eee es eee ae 


los Output Short Circuit Current | GND <Vo <Vcc (Notes 7, 8) mA 


Notes: 1. Absolute Maximum Ratings are intended for user guidelines and are not tested. 
2. For test and correlation purposes, ambient temperature is defined as the "instant-ON'' case temperature. 
3. Test conditions assume signal transition times of 10 ns or less, timing reference levels of 1.5 V, input pulse levels of 0 to 3.0 V and 
output loading of the specified Io_/loH and 30 pF load capacitance. Output timing reference is 1.5 V. 

4. The internal write time of the memory is defined by the overlap of S LOW and LOW. Both signals must be LOW to initiate a write 
and either signal can terminate a write by going HIGH. The data input setup and hold timing is referenced to the rising edge of the 
signal that terminates the write. R must be HIGH. 

. Transition is measured at 1.5 V on the inputs to VoH-500 mV and Vo, + 500 mV on the outputs using the load shown in B. under 
Switct.ing Test Circuits. 

. W and R are HIGH for read cycle. 

. For test purposes, not more than one output at a time should be shorted. Short circuit test duration should not exceed 30 seconds. 

. This parameter is not tested, but guaranteed by characterization. 


On nn 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, 
Group A, Subgroups 9, 10, 11 are tested unless otherwise noted) 


Parameter 
Symbol Am91 


50-20 
Parameter 
Alternate Description Min. | Max. | 


Am9150-25 | Am9150-35 | Am9150-45 
Am91L50-25 | Am91L50-35 | Am91L50-45 


No._|standard [Alternate Min. | max. | min. | max. | Min. | Max. | unit 
READ CYCLE 
3_|TSLOV peed Se Feta ns 
4 TGLQV ee Output Enable Access Time eee SS ns 
5 TSLOX tcLz Chip Select LOW to Output in ns 
Low-Z (Notes 5, 8) 
6 TSHQZ tCHz Chip Select HIGH to Output in ns 
Hi-Z (Notes 5, 8) 
r TGLQX toLz Output Enable LOW to Output in ns 
Low-Z (Note 5, 8) 
8 TGHQZ toHz Output Enable HIGH to Output in ns 
Hi-Z (Notes 5, 8) 
9  |TAXQX | toHa Output Hold after a St Sr ee es a ns 


sr nas ce oS Pes STS 


WRITE CYCLE 
10 Write Cycle Time (Note 4) 


11. |TSLWH Chip Select LOW to Write Enable Ee meee Pecae! 
HIGH 


12 |TAVWH Address Valid to End of Write | 15 | = | ns 

13 TAVWL Address Valid to Beginning of ns 
Write 

14 TWLWH Write Pulse Width ns 


Address Hold after End of Write 


16 | TDVWH Data in Valid to Write Enable 
HIGH 
Data Hold after End of Write 


Write Enable LOW to Output in 
Hi-Z (Notes 5, 8) 


Write Enable HIGH to Output in 
Low-Z (Notes 5, 8) 


_ 
ol 


RESET CYCLE 
20 
21 TAVRL 


tRRC Reset Cycle Time 


Address Valid to Beginning of 
Reset 


22 HRL eee Write Enable HIGH to Beginning 


of Reset 


Chip Select LOW to Beginning of 
Reset 


24 Reset Pulse Width 


TAVAV 
TSLRL 
TRLRH 
25 TRHSX tRHCS Chip Select Hold after End of 
Reset 
TRHWL 
TRHAX 
TRLQZ 
TRHQX 


23 


27 
28 


26 
Reset LOW to Output in Hi-Z 
(Notes 5, 8) 
tRLz Reset HIGH to Output in Low-Z 
(Notes 5, 8) 


Notes: See notes following DC Characteristics table. 


29 


~ 
Ss 
77) 


ah 
ao 
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RESET CYCLE 


The reset cycle is initiated by R going LOW for a time > tap, 
and is terminated by holding R HIGH for a time > taua. The 
addresses to the device must be stable during the RESET 
cycle time. The entire contents of the RAM will be reset to 
ZERO regardless of the address chosen during the cycle. The 


control S must be <Vj_ maximum, and W must be > Viy 
minimum and it is recommended that G be > Viy, minimum. 


The reset cycle is normally associated with current spikes, 
both at Vcc and GND as shown in the graph. To attenuate the 
current spikes, an external bypass capacitor (high frequency, 
0.1 wF) for each Am9150 socket is recommended. 


Typical Icc and Iignp During a Reset Cycle 


SWITCHING TEST CIRCUITS 


Vec 


Sout 


TC002350 


WF009920 
Voc 
3302 
Dour 
2009 5 pF 
TC002360 
B. 
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Q9-Q3 
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SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


MUST BE WILL BE 
STEADY STEADY 


MAY CHANGE WILL BE 


CHANGING 
FROM H TOL FROM H TOL 


may cHANGe WILL BE 
ROM YOu CHANGING 
FROM L TOH 


DON'T CARE; CHANGING; 
ANY CHANGE STATE 
PERMITTED UNKNOWN 


CENTER 
DOES NOT LINE IS HIGH 
APPLY 1 


“OFF” STATE 


KS000010 


WF009890 
Read Cycie 


Am9150 


SWITCHING WAVEFORMS (Cont'd.) 


DRE tse DI TAS EE AOE ERCP SEWN 
scones Ea GES eee 
SUN g ML 


a 
(6) @) 
open ae age 
(18) (19) 


WF009900 


sone NE ace ak, 
a) 


Meta Co ee 
W (WE) yyy 2) ——_——_®———_{\’\!'\ 


=JMK+s _ +» WIM 


OUTPUT VALID ZERO 
WFO009910 


Reset Cycle 


Am9150 


Write Cycle 


4-61 


Am2167 


16,384x1 Static RAM 


ct 


Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 


@ High speed — access times as fast as 35 ns maximum 
Automatic power down when deselected 
@ Low power dissipation 

— Am2167: 660 mW active, 110 mW power down 


@ High output drive 
— Up to seven standard TTL loads or six Schottky TTL 
loads 
@ TTL-compatible interface levels 
@ No power-on current surge 


GENERAL DESCRIPTION 


The Am2167 is a high-performance, 16,384-bit, static, 
read/write, random-access memory. It is organized as 
16,384 words by one bit per word. All interface signal levels 
are identical to TTL specifications, providing good noise 
immunity and simplified system design. All inputs are purely 
capacitive MOS loads. The outputs will drive up to six 
standard Schottky TTL loads or up to seven standard TTL 
loads. 


Only a single +5-volt power supply is required. When 
deselected (CE > Vi), the Am2167 automatically enters a 
power-down mode which reduces power dissipation by 
80%. 


Data In and Data Out use separate pins and are the same 
polarity allowing them to be connected together for opera- 
tion in a common data bus environment. Data Out is a 
three-state output allowing similar devices to be wire-OR'd 
together. 


BLOCK DIAGRAM 


ADDRESS 
BUFFERS 
AND 
ROW 
DECODERS 


ADORESS 
BUFFERS 
AND 
COLUMN 
DECODERS 


STORAGE 
CELL 
MATRIX 
128 x 128 


SENSE/WRITE AMPLIFIERS 


VO CONTROL ANO BUFFER 


DATA DATA 
OuT iN 


BD000170 


PRODUCT SELECTOR GUIDE 


Full Military Operating 
Range Version 
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[Part Number amae7-25 | amater-as | _amate7-c6 | _amaver-70 
"Maximum Access Time (me) | 96 | «5+ 
"Maximum Active Current (ma) | 120 | 120 (160 mi) | 120(160 mi | 120(160 mil _ 
(2S 2 ee ee eS 


Amendment 
issue Date: January 1989 


CONNECTION DIAGRAMS 


Top View 
DIPs LCC 
ADDRESS 0 Voc (+5V) 
ADORESS 2 ADORESS 1 
ADORESS 4 ADORESS 3 
ADORESS 6 AODRESS 5 
ADORESS 8 AOORESS 7 
ADORESS 10 ADORESS 9 
ADORESS 12 ADDRESS 11 
DATA OUT ADDRESS 13 
We DATA IN 
(GND) Vss CE 
CD009680 


CDO009690 


Note: Pin 1 is marked for orientation. 


METALLIZATION AND PAD LAYOUT 


Address Designators 


Die Size: 0.121" x 0.249" 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM2167 -35 E ik ae B 
ae OPTIONAL PROCESSING 
Blank = Standard Processing 
B = Burn-in 
d. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 
c. PACKAGE TYPE 
P = 20-Pin Plastic DIP (PD 020) 
D = 20-Pin Ceramic DIP (CD 020) 
L = 20-Pin Rectangular Ceramic Leadiess 
Chip Carrier (CLRO20) 
b. SPEED OPTION 


See Product Selector Guide 


a. DEVICE NUMBER/DESCRIPTION 
Am2167 
16K x 1 NMOS Static RAM 


PD, PCB, DC, DCB 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 
products. 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) 
is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Device Class 

d. Package Type 

e. Lead Finish 


A 
Soe LEAD FINISH 


A=Hot Solder Dip 
C = Gold 


d. PACKAGE TYPE 
R = 20-Pin Ceramic DIP (CD 020) 
U = 20-Pin Rectangular Ceramic Leadiess Chip 
Carrier (CLRO20) 


c. DEVICE CLASS 
/B =Class B 


b. SPEED OPTION 
-45 = 45 ns 
-55 = 55 ns 
-70=70 ns 


a. DEVICE NUMBER/DESCRIPTION 
Am2167 
16K x 1 NMOS Static RAM 


/BRA, /BUA 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 


Group A Tests 


Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, 11. 


PIN DESCRIPTION 


Ag-Ai3 Address (inputs) Din Data (input) 
The address input lines select the RAM location to be read This pin issued for entering data during write operation. 
or written. 

CE Chip Enable (input, Active LOW) aur - Dats -(Ouipes, -yeee: Biate) 


This pin is three state during write operation. It becomes 


The Chip Enable selects the memory device. active when GE is LOW and WE is HIGH. 


WE Write Enable (input, Active LOW) 
When Write Enable is LOW and Chip Enable is also LOW, Vcc Power Supply 
data is written into the location specified on the address 
pins. Vss Ground 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES (Note 4) 


Storage Temperature .......................ee eee -65 to + 150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (TA) ............:cseeeeees 0 to +70°C 
ie ee eee -55 to +125°C Supply Voltage (Voc) .....--.-..seeeeees +45 V to +55 V 

Supply Voltage .... CT ae scien G aerate: ne -0.5 V to +7.0 V Military (M) Devices 

Signal Voltages with Ambient Temperature (Ta) ................. —55 to +125°C 

Power Dissipation ee we RMR Nolage MER) orem es +45 to +55 V 

Eos RE CATON od.) or ann ic acautaenaliacs salavekensesks 50 mA 


Operating ranges define those limits between which the 
Maximum rating are to be for system design reference, functionality of the device is guaranteed. 
parameters given may not be 100% tested by AMD. 


The products described by this specification include internal 
circuitry designed to protect input devices from damaging 
accumulations of static charge. It is suggested nevertheless, 
that conventional precautions be observed during storage, 
handling and use in order to avoid exposure to excessive 
voltages. 


DC CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, Group A, 
Subgroups 1, 2, 3 are tested unless otherwise noted) (Note 4) 


Am2167-45, 
Am2167-55, 
Am2167-35 Am2167-70 


Parameter Parameter 
Symbol Description Test Conditions 


Output HIGH Curent | Von=2av———~—S=«dr Moga | -« || -« | | ma 


Output LOW Current VoL = 0.4 V MIL 


GND <Vo9 SVcoc 
Output Disabled 


Input Capacitance Test Frequency = 1.0 MHz 
Output Capacitance Ta = 25°C, All pins at 0 V, Voc =5 V (Note 9) 


Voc Operating Max Vcc, CE S Vit 
Supply Current Output Open 


Automatic CE Power MAX Vcc, (CE = Vin) 
Down Current (Note 3) 


Notes: 1. Test conditions assume signal transition times of 10 ns or less, timing reference levels of 1.5 V, input pulse levels of 0 to 3.0 V and output 
loading of the specified lo_/loH and 30 pF load capacitance. Output timing reference is 1.5 V. 
2. The internal write time of the memory is defined by the overlap of CE LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminate a write by going HIGH. The data input setup and hold timing should be referenced to the rising edge of the signal 
that terminates the write. 


3. A pull-up resistor to Voc on the CE input is required to keep the device deselected during Vcc power up. Otherwise Isg will exceed values 
given. 

4. For test and correlation purposes, ambient temperature is defined as the ''Instant-on'' case temperature. 

5. The device must be selected during the previous cycle. Otherwise tag and tac are equivalent to tacs. 

6. Transition is measured +500 mV from steady state voltage with load specified in Figure 2 for tyz, tLz, tow and twz. 

7. WE is HIGH for read cycle. 

8. Address valid prior to or coincident with CE transition LOW. 

9. Parameter not 100% tested. Guaranteed by characterization. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified (Note 1) (for APL 
Products, Group A, Subgroups 9, 10, 11 are tested unless otherwise noted) 


Parameter Parameter am2i67-35 
Symbol Description Min. | Max. 
READ CYCLE 
tr Address Valid to Address Do Not Care 
Cc Time (Read Cycle Time) (Note 5) 

Address Valid to Data Out Valid Delay 
(Address Access Time) (Note 5) 
Chip Enable LOW to Data Out Valid 
(Chip Enable Access Time) 
Chip Enable LOW to Data Out On (Notes 6, 9) 
Chip Enable HIGH to Data Out Off (Notes 6, 9) 


a= 
= 5a BRS 
, 

tse oe P 

ace 

2S 

| 30_| 

= 


Chip Enable HIGH to Power Down Delay (Note 9) 
Chip Enable LOW to Power Up Delay (Note 9) 


Address Valid to Address Do Not Care 

(Write Cycle Time) 

Write Enable LOW to Write Enable HIGH (Note 2) 
Write Enable HIGH to Address 


Data In Valid to Write Enable HIGH 

Data Hold Time 

Address Valid to Write Enable LOW 

(WE Controlled Write) 

Address Valid to Write Enable LOW 

(CE Controlled Write) 

Chip Enable LOW to Write Enable HIGH (Note 2) 
Write Enable HIGH to Output in LOW Z (Notes 6 & 9) 


Address Valid to End of Write 
Notes: See notes following DC Characteristics table. 


rl be esa bl i Ll 


P20 
2m 
Write Enable LOW to Output in HIGH Z Wotes 6 & | 0 
= 
aa 
30 


SWITCHING TEST CIRCUITS 


Yoc 
3302 
DATA 
OuT 
= 
20en SCOPE AND 
JIG) 
rr TC000050 
A. Output Load B. Output Load for tyz, tLz, tow, twz 
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SWITCHING WAVEFORMS 


KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROM H TOL 


MAY CHANGE 
FROML TOH 


OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


WILL BE 
CHANGING 


FROML TOH 


DON’T CARE; CHANGING; 
ANY CHANGE STATE 
PERMITTED UNKNOWN 


CENTER 
DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 

“OFF” STATE 


KS000010 


tRC 


ADDRESS 


DATA OUT PREVIOUS DATA VALIO 


DATA VALID 


WF000460 


Read Cycle No. 1 (Notes 5, 7) 


DATA OUT 


ON) 


vcc 


SUPPLY 
CURRENT 


WF000280 


Read Cycle No. 2 (Notes 7, 8) 


Notes: See notes following DC Characteristics table. 
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SWITCHING WAVEFORMS (Cont'd.) 


twc 


mao 


3] 


WAN. ELILIRLLLLLLLL 


tAWw tWR 
tas twP 


we TAA 


tOW tOH 


DATA IN t | DATA IN VALID Ss 


tw2 tow 
HIGH IMPEDANCE 
DATA OUT DATA UNDEFINED 


WF000210 


Write Cycle No. 1 (WE Controlled) 


twe 


A ee ee 


we \\AAAAAAAAAAAAAAYS ELILLILLLLLLLLL 
own [one 


WF000220 


Write Cycle No. 2 (CE Controlled) 
Note: If CE goes high simultaneously with WE HIGH, the output remains in a high-impedance state. 


a Aa a a eeieminnloaminmeaal 
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TYPICAL PERFORMANCE CURVES 


Supply Current Supply Current Output Source Current 
versus Supply Voltage versus Ambient Temperature versus Output Voltage 


0 0 
44 46 48 50 52 54 5.6 -60 -20 +20 +60 +100 +140 
Voc - V Ta -°C 
OP000940 OP000950 OP000960 
Normalized Access Time Normalized Access Time ’ Output Sink Current 
versus Supply Voltage versus Ambient Temperature versus Output Voltage 


8 
= 1. 
= 1. 
: ' 
d 
“60 -20 +20 +60 +100 +140 
™-C Vout - V 
OP000970 OP000980 OPO00990 
Typical Power-On Current Access Time Change Access Time Change 
versus Power Supply versus Input Voltage versus Output Loading 
@ 
3 
a 
2 
4 
OP001000 OP001010 OP001020 
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Am2168/Am2169 Advanced 


Micro 
4096 X 4 Static R/W Random-Access Memory Devices 
DISTINCTIVE CHARACTERISTICS 
@ High speed — access times as fast as 40 ns @ Standard 20-pin, .300 inch dual-in-line package 
@ Fully static storage and interface circuitry @ Standard 20-pin rectangular ceramic leadless chip 
@ No clocks or timing signals required carrier 
@ Automatic power down when deselected (Am2168) @ High output drive 
@ Power dissipation - Up to seven standard TTL loads or six Schottky TTL 
- Am2168: 660 mW active, 165 mW standby loads 
Am2169: 660 mW @ TTL-compatible interface levels 
GENERAL DESCRIPTION 
The Am2168 and Am2169 are high-performance, static, N- The Am2168 remains in a low-power standby mode as long 
channel, read/write, random-access memories organized as CE remains HIGH, thus reducing its power requirements 


as 4096 words of 4 bits. Operation is from a single 5 V from 660 mW to 165 mW maximum. 
supply, and all input/output levels are identical to standard 
TTL specifications. The Am2168 and Am2169 are the same 
except that the Am2168 offers an automatic Chip Enable 
(CE) power-down feature. 


The data read out is not destructive and has the same 
polarity as the input data. The device is packaged in either 
a .300 slim DIP or 20-pin leadless chip carrier. The outputs 
of similar devices can be OR-tied and easy selection 
obtained by use of the CE. 


BLOCK DIAGRAM 


ADDRESS 
BUFFERS STORAGE MATRIX 


128 x 32 


(Am2168 ONLY) 


ADORESS 
BUFFERS 


COLUMN 
DECODERS 


ey DATA BUFFERS 


V/O4 /O2 VO3 VO4q 
BD006210 


PRODUCT SELECTOR GUIDE 


Am2168-35 | Am2168-45 | Am2169-40 | Am2168-55 | Am2169-50 | Am2168-70 | Am2169-70 
Maximum Access Time (wa)| 25 | 8 | «0 | 85 | 80 | 7 | 70 


120 
0 to +70°C 


-55 to + 125°C 


*“Am2168 


Flashrite is a trademark of Advanced Micro Devices Inc. 
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CONNECTION DIAGRAMS 
Top View 


DIPs 


Ag[ }1 201 | Voc (+5 V) 


i 


CD009450 b 
CD009282 


Note: Pin 1 is marked for orientation. 


METALLIZATION AND PAD LAYOUT 


Address Designators 


38 WE RENAE EE ERO? 


RESRELE a gat 


Die Size: 0.123” x 0.252” 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM2168_ - “< B 
ee OPTIONAL PROCESSING 
Blank = Standard Processing 
B = Burn-in 
d. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 
c. PACKAGE TYPE 
P = 20-Pin Plastic DIP (PD 020) 
D = 20-Pin Ceramic DIP (CD 020) 
L = 20-Pin Rectangular Ceramic Leadless 
Chip Carrier (CLRO20) 
b. SPEED OPTION 
35 = 35 ns 
40 = 40 ns 
45=45 ns 
50 = 50 ns 
55 = 55 ns 
70 =70 ns 
a. DEVICE NUMBER/DESCRIPTION 
Am2168/Am2169 
4096 x 4 Static R/W Random Access Memory 
Valid | Valid Combinations = 
AM2168-35 PC, PCB, DC, 
AM2169-40 DCB, LC, LCB 
AM2168-45 
AM2168-55 Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 
products. 


en ee TL UIE EIE EE ESSIEN ESSERE 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) 
is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 


c. Device Class 
d. Package Type 
e. Lead Finish 
AM2168 /B R A 
ae . LEAD FINISH 
A=Hot Solder Dip 
C = Gold 
. PACKAGE TYPE 
R = 20-Pin Ceramic DIP (CD 020) 
U = 20-Pin Rectangular Ceramic Leadiess 
Chip Carrier (CLRO20) 
. DEVICE CLASS 
/B =Class B 
. SPEED OPTION 
50 = 50 ns 
55 = 55 ns 
70 = 70 ns 
45 = 45 ns 
a. DEVICE NUMBER/DESCRIPTION 


Am2168/Am2169 
4096 x 4 Static R/W Random Access Memory 


Valid Combinations 


vedi Comppetons 

Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 


AM2169-70 
/BRA, /BUA combinations or to check for newly released valid 
AM2168-45 combinations 
AM2168-55 : 
AM2169-50 Group A Tests 
AM2168-70 


Group A tests consist of Subgroups 
1 2.3.7, 8, 9, 10, 11. 


PIN DESCRIPTION 


Ag-Ai;i1 Address Inputs (inputs) 1/0,-1/04 Data In/Out Bus (Bidirectional Active 

The address input lines select the RAM location to be read HIGH) 

or written. These I/O lines provide the path for data to be read from or 
CE hip Enable (input, Active LOW) written to the selected memory location. 


The Chip Enable selects the memory device. 


WE Write Enable (input, Active LOW) 
When Write Enable is LOW and Chip Enable is also LOW, Vss Ground 
data is written into the location specified on the address 
pins. 


Vcc Power Supply 
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ABSOLUTE MAXIMUM RATINGS* OPERATING RANGES (Note 4) 


MON. WON Saas frees a otccn tees inn deacons -0.5 V to +7.0 V Commercial (C) Devices 
All Signal Voltages..................cceeeeeee -3.5 V to +7.0 V Ambient Temperature (Ta) ..............ceeeeeee 0 to +70°C 
OG Datuk AOI eos ine Be sa fei cence 20 mA Supply Voltage (VCC) ..........:.seeeeeeees 45Vto +55 V 
Power Dissipation sf ; 
Military (M) Devices 
pes Sich PACKAGES .....2.--202eeseseeererens ye i Ambient Temperature (Ta) ................. -55 to +125°C 
se SN hE RE le SO Phar loos oS . +E PIN ie SST +5. 

Ambient Temperature with Power Applied a ER pe hers: 

Cerdip & Leadiess Packages............... -55 to +125°C 

Plastic Packages........... ' Ae ARAL id Pe -10 to +85°C a, fail sph define those limits between which the 
Storage Temperature unctionality of the device is guaranteed. 

Cerdip & Leadiess Packages............... -65 to +150°C 

PERU MGRIIOS DJs 5s ke nc cascakceubbwadseens -55 to + 150°C 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

“Maximum ratings are for system design reference; 
parameters given may not be 100% tested. 


DC CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, Group A, 
Subgroups 1, 2, 3 are tested unless otherwise noted) (Note 4) 


Am2168-55 
& -70 

Am2168-35, | Am2169-50 
-45, & -40 & -70 


Parameter Parameter 
Symbol Description Test Conditions | in. | Max. | Min. | Max. 
ton | Output HIGH Curent [Vou=24vV_[voo=asv | -# | | -# | | m | 


room 
[eons [acer fe — p= 


a ieee oe ee 
Fr tw oe emo ao | 


Output Leakage GND <Vo0 <Vcc 
ies Output Disabled 


| Cy | Input | Input Capacitance | Test Frequency = 1.0 MHz 


Gi Input/Output Ta = 25°C, All Pins at 0 V, Voc =5 V 
Capacitance (Note 5) 

loc Voc Operating Max. Vcc, CE < Vi 
Supply Current Output Open 


Automatic CE Power 
Down Current Max. Voc, (CE 2 Vip) 
(Am2168 Only) 


Notes: 1. Test conditions assume signal transition times of 5 ns or less, timing reference levels of 1.5 V, input pulse levels of 0 to 
3.0 V and output loading of the specified lo_/IoH and 30 pF load capacitance. Output timing reference is 1.5 V. 

2. The internal write time of the memory is defined by the overlap of CE LOW and WE LOW. Both signals must be LOW to 
initiate a write and either signal can terminate a write by going HIGH. The data input setup and hold timing should be 
referenced to the rising edge of the signal that terminates the write. 

3. Vi_ voltages of less than -0.5 V on the I/O pins will cause the output current to exceed the maximum rating and thus 
should not exceed 30 seconds in duration. 

4. For test and correlation purposes, ambient temperature is defined as the ''Instant-on'' case temperature. 

5. At any given temperature and voltage condition, t}yz is less than t_z and tw7z is less than tow for all devices. Transition is 
measured at 1.5 V on the input to Voy -—500 mV and Vo, +500 mV on the outputs using the load shown in B. under 
Switching Test Circuits. CL = 5 pF. 

6. Not 100% tested parameter; parameter guaranteed by characterization. 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, 
Group A, Subgroups 9, 10, 11 are tested unless otherwise noted) (Note 1) 


Am2168-45, | Am2168-55, | Am2168-70, 

Am2168-35 | Am2169-40 | Am2169-50 | Am2169-70 
Parameter Parameter 
Symbol Description 


Address Valid to Address Do Not Care Time 70 
(Read Cycle Time) 

ns Address Valid to Data Out Valid Delay (Address 70 
Access Time) 


Chip Enable LOW to Data Out Valid |Am2168 ss SS SS Se ES Se 
(Chip Enable Access Time) See tae ee SS eS See 
3 (Nowee-4.) Och Bs Bs 

[te oweewiorwomons farses} =} Pett 
Etc [owcwercnwomoxcn S| 0 | | 0 | me 
& 3S Se BSS SS 
= i See ee 


Output hold time from address COM'L 
change 


[11 | twa __| Write Enable HIGH to Address Do Not Care| 


2 [twe | Write Enable LOW to Output in Hi-Z ace 4, 
13 | tow _| Data In Valid to Write Enable HIGH 

22 0 ES gO. Se ee ees 
115 | tas _—=i|:- Address Valid to Write Enable LOW 
'16 | tew _—| Chip Enable LOW to Write Enable HIGH 


tow Write Enable HIGH to Output in Low-Z — 4, 


Address Valid to End of Write Bass 


Vec 
Voc 
DATA wide DATA wists, 
~— OUT 
30 pF 
300 0 eensgeend 300 12 5 pF 
JIG) 
~ ‘76903500 = 
TC003510 
A. Output Load B. Output Load for tyz, tiz, tow, twz 
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SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


MUST BE WILL BE 
STEADY STEADY 


MAY CHANGE WILL BE 


CHANGING 
FROMH TOL FROM H TOL 


may CHANGE WILL BE 
FROML TOH CHANGING 
FROM L TOH 


DON’T CARE; CHANGING; 
ANY CHANGE STATE 
PERMITTED UNKNOWN 


CENTER 
DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 

“OFF” STATE 


KS000010 


tac 


ADDRESS 


DATA 
INPUT/OUTPUT 


PREVIOUS DATA VALID DATA VALID 


WF021270 


Read Cycle No. 1 (WE HIGH, CE LOW) 


* 


HIGH 
DATA 


DATA VALID IMPEDANCE 
or Se Se ee 


Voc icc 
SUPPLY 
CURRENT Is 
(Am2168 ONLY) 


WF021280 
Read Cycle No. 2 (WE HIGH, Address Valid Prior to CE Transition to LOW) 
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SWITCHING WAVEFORMS (Cont'd.) 


twc 


€ \\ AN PLLLLALLLLLLLL 


taw twR 
tas twe 


we YAS 


tow ———@@—e =. 0H 


twz tow 
HIGH IMPEDANCE 
DATA VO DATA UNDEFINED + 


WF021970 


Write Cycle No. 1 (WE Controlled) 


“a 


* 


taw twr 
twp 


We \\AAAAAAAAAANAAAN ELILLLLLLLL LLL 


DATA VO 


C | DATA IN VALID 


twz on 
HIGH IMPEDANCE 
DATA UO DATA UNDEFINED 


WF021300 


Write Cycle No. 2 (CE Controlled) 
Note: If CE goes HIGH simultaneously with WE HIGH, the output remains in a high-impedance state. 
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TYPICAL PERFORMANCE CURVES 


Supply Current Supply Current Output Source Current 
versus Supply Voltage versus Ambient Temperature versus Output Voltage 


é 
t 
5 

) 

44 46 48 50 52 54 5.6 -60 -20 +20 +60 +100 +140 

Voc ad Vv Ty _ °c 
OP001980 OP001990 OP002000 
Normalized Access Time Normalized Access Time Output Sink Current 
versus Supply Voltage versus Ambient Temperature versus Output Voltage 


ie 
Tacs (2168) Fae 
5 ee Pe: 


-60 -20 +20 +60 +100 +140 


Ta -c¢ Vout -V 
OP002010 OP002020 OP002030 
Typical Power-On Current Access Time Change Access Time Change 
versus Power Supply versus Input Voitage versus Output Loading 


stag, stacs -ns 
Mya: tacs — 98 


NORMALIZED Io, 


NS eT EE OEE aT ETO 
Am2168/Am2169 | 4-79 . 
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Am9128 a 


2048x8 Static RAM Devices 


DISTINCTIVE CHARACTERISTICS 


@ Logic voltage levels compatible with TTL @ taa/tacs as low as 70 ns 
@ Three-state output buffers and common I/O @ Power-Down mode (Isp as low as 15 mA) 
@ Icc Max., as low as 100 mA 


GENERAL DESCRIPTION 


The Am9128 is a 16,384-bit Static Random = Access designs. Common data I/O pins using three-state outputs 
Read-write Memory organized as 2048 words of 8 bits. It are provided. The Am9128 is available in an industry- 
uses fully static circuitry, requiring no clocks or refresh to standard 24-pin DIP package with 0.6-inch pin row spacing. 
operate. Directly TTL-compatible inputs and outputs and The Am9128 uses the JEDEC standard pinout for byte-wide 
operation from a single +5 V supply simplify system memories (compatible to 16K EPROMs). 


BLOCK DIAGRAM 


Ag ROW MEMORY 
DECODER MATRIX 


A, COLUMN COLUMN 
Ay DECODER SELECT 


CE COLUMN 
oe CONTROL /O CIRCUITS 
LOGIC 


10g 10, 
ES ec 
DATA 1/0 
BD000281 


PRODUCT SELECTOR GUIDE 


Part Number Am9128-70 | Am9128-90 | Am9128-10 | Am9128-12 | Am9128-15 | Am9128-20 
Maximum Access Time (me) | 70 | 90 | 100 | 120 | 160 | 200 
Maximum Operat- [_0to 70% | 140 | WA | 120 | NWA | 100 | 140 
ing Current (ma) [55° to 125°C | WA | 160 | WA | 160 | 160 | 150 
Maximum Standby [oto 70° | 30 | NA | 18 | WA | 16 | 90 
Current (ma) [=55" to vase | N/A_| 90 | WA | 90 Seca 


4-80 at = Se 


Issue Date: January 1989 


CONNECTION DIAGRAMS 
Top View 


DIPs 


Vec(+ 5 V) 


Ag 


CD000121 


Note: Pin 1 is marked for orientation. 


METALLIZATION AND PAD LAYOUT 


Address Designators 


14444444424342008) TRAAAREGEREOG EGER: 
ee ~ ee a. 
= = a| 


DIE SIZE: 0.162" x 0.240" 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid 
Combination) is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 
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AM9128 -70 Pp Cc 


a. DEVICE NUMBER/DESCRIPTION 
Am9128 
2048 x 8 Static RAM 


Valid Combinations 
AM9128-70 


AM9128-10 PC, DC, DCB, DE, 
AM9128-15 DEB 


AM9128-20 


B 


es OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 
E = Extended Commercial (-55 to + 125°C) 


c. PACKAGE TYPE 
P = 24-Pin Plastic DIP (PD 024) 
D = 24-Pin Ceramic DIP (CD 024) 


b. SPEED OPTION 
-70=70 ns 
-10= 100 ns 
-15 = 150 ns 
-20 = 200 ns 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 
products. 


Am9128 


ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) for APL 


products is formed by a combination of: a. Device Number 


b. Speed Option (if applicable) 


c. Device Class 
d. Package Type 
e. Lead Finish 


AM9128 -90 JB J 


a. DEVICE NUMBER/DESCRIPTION 
Am9128 
2048 x 8 Static RAM 


Valid Combinations 


Cosa LEAD FINISH 
A =Hot Solder Dip 
C = Gold 
d. PACKAGE TYPE 


J = 24-Pin Ceramic DIP (CD 024) 


c. DEVICE CLASS 
/B =Class B 


b. SPEED OPTION 
-90=90 ns 
-12=120 ns 
-15=150 ns 
-20 = 200 ns 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 


Group A Tests 


Group A tests consist of Subgroups 
1,.2,-3)7, 3,9, 10-9) 


PIN DESCRIPTION 


Ao-Aio Addresses (input) 
The 10-bit field presented at the address inputs selects one 
of the 2048 memory locations to be read from — or written 
into — via the data lines. 


1/0,-1/Og Data In/Out Port (Input/Output) 
if WE is LOW, the data represented on the I/O lines can be 
written into the selected memory location. If WE is HIGH, 
the |/O lines represent the data read from the selected 
memory location. 


Am9128 


CE Chip Enable (Input, Active LOW) iss 
Read and Write cycles can be executed only when CE is 
LOW. 


WE Write Enable (Input, Active LOW) 
Data is written into the memory if WE is LOW and read from 
the memory if WE is HIGH. 


OE Output Enable (input, Active LOW) 
Read cycles can be executed only when OE is LOW. 
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ABSOLUTE MAXIMUM RATINGS (Note 11) OPERATING RANGES (Note 3) 


Storage Temperature .................cceeeee ene -65 to + 150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (Ta) ...........00eeeeeeee 0 to +70°C 
ne a eee eee ere -55 to +125°C Supply Voltage (Voc) ..............eeee +45 Vto +55 V 

Supply Voltage ... verchipandansgoesneewanecetne -0.5 V to +7.0 V Military* (M) and Extended Commercial (E) Devices 

Signal Voltage with Case Temperature (TA) .........-.:.eeeeeees -55 to +125°C 
Respect to Ground ASR TEES SE Oe a -3.0 V to +7.0 V Supply Voltage (VCC) ....seseseeceseee- +45 V to +55 V 

BNO TBE ore 5 co cv acerpe chart saath Gere aosanbengetets 1.0 W 

Ee ANNE PONT os 5s a cd chas rn cs Sdatenvaess Gey ivexssseiee 10 mA 


Operating ranges define those limits between which the 
*Maximum ratings are to be for system design reference, functionality of the device is guaranteed. 
parameters given may not be 100% tested by AMD. 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, Group A, 
Subgroups 1, 2, 3 are tested unless otherwise noted) (Note 3) 


Am9128-70 
Am9128-90 Am9128-12 


Am9128-10 | Am9128-15 | Am9128-20 
Parameter Parameter 


Symbol Description Test Conditions 


Output HIGH Current VOH = 2.4 V 
Voc = 4.5 V 
Output LOW Current Voit = 0.4 V 


Input LOW Voltage 
Input Load Current Vss <Vi S< Voc 


Output Leakage Vss <Vo <Voc 

Current Output Disabled 

Input Capacitance 

(Note 12) Test Frequency = 1.0 MHz, 


: AY A= 25°C 
input/Output Capacitance 25°C, 
(Note 12) All pins at 0 


| 
Voc Operating Supply Max. Voc, CE < Vit 
Current Outputs Open /E- 


Automatic CE Power 


Down Current Max. Vcc, CE > Vin 


Peak Power On Current Voc = GND to Voc Max. 
(Note 12) 2 Vin (Note 2) 


es 
pace 
Voc 
| 08 | 
0 
a 
2 
= 


Notes: 1. The internal write time of the memory is defined by the overlap of CE LOW and WE LOW. Both signals must be LOW to initiate a write and 
either signal can terminate a write by going HIGH. The data input setup and hold timing should be referenced to the rising edge of the signal 
that terminates the write. 


2. A pull up resistor to Voc on the CE input is required during power up to keep the device deselected, otherwise po will exceed values given. 
3. For test and correlation purposes, ambient temperature is defined as the ‘'Instant-on'' case temperature. 

4. At_any given temperature and voltage condition, tyz is less than tz. 

5. WE is HIGH for read cycle. 

6. Device is continuously selected, CE = Vj. 

7. Address valid prior to or coincident with transition LOW. 

8. OE = Vi. 

9. CL = 30 pF. 

10. Transition is measured from 1.5 V on the input to Voy - 500 mV and Vo, + 500 mV on the outputs using the load shown in Switching Test 


Circuits. CL = 5 pF. 

. The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling, and use to avoid exposure 
to excessive voltages. 

. The parameter is guaranteed by characterization, but is not tested. 


— 
— 


_ 
i) 


KL SS SS SSS? 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, 
Group A, Subgroups 9, 10, 11 are tested unless otherwise noted.) 


Am9128-70, -90, -10 


Am9128-70 Am9128-90 Am9128-10 
Parameter | Parameter 
Symbol | Description 


Lis] ee [etGpetne te men oe te ee 


[2 [toc | Address Assess Time Woe) ———S~—~SC“‘~‘rtCS TSC; St 
[3 | tos | Chip Select Access Timo (ote) ———«dT~—~«d > | —+| 0 | i 100+] 
Det cee ee ee 
(Note 8) eS a GEES PCTS? Na BT 
[S| ton | Output Hold Time from Address Orange st 8 | os TdT PC 
[6 | torz | Output in LowzZ from CE (Notes 4, 10,7 | 8 | | s || s || 1s 
[7 | toxiz | Outout in Hi-Z trom CE (Notes 4 10,1 + +i es || «| | 0 | ne 
[8 | torz | Output in Low.Z trom OE (Notes 410,71 +s | | s | | 5s | |= 
[2 [tonz | Output in Hiz trom OE Notes 4, 10,12 +. +f | |= | | % | ns | 
[11 [top | Chip Deselection to Power-Down Time (Note 1 | | «| | «6 | | 80 | rs 
WRITE CYCLE 

2 | wo [Wie Gee tm ——SSSC=~—~—CS~—S~—“CS*S*SSO 
ot ete 

___| (Note 1) 
ae'[) ns [Adem Sept 
[15 | we | Wite Puise Width (Nowe) ——SCSC~S~sC 
[16 | twa | Write Recovery Time ——SOSC=~“~*~“‘~*~“‘~wtCiSC*d 
iano] | be. (owe 
poten | by foe Te 
[19 | wiz | Output in Low-Z from WE (Notes 4 107 —S«dYSC 
[20 | twnz | Output in Hi trom WE (Notes 4, 10,12) iY Sid 
TO 


Notes: See notes following DC Characteristics table. 
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SWITCHING CHARACTERISTICS (Cont'd.) 
Am9128-12, -15, -20 


Am9128-12 Am9128-15 Am9128-20 
"sem a Fe [ie [ om | 
Symbol Description 
Se SSS SS a a ae ne Seema fe Seas a See 


SS pone ee 
[2 [taco | Address Access Time ote) SSCSC~=~—~—SC“‘“dtCS CY SSCd mC |e 
[3 | tacs | Chip Select Access Time (Note) ———S«dT~SC*dt (reo fit] «da |e 


2 Sean (OWL erp me 

(Note 8) — | oe ee 
[5 [ton | Output Hold Time from Address Change ——<i| 8 | | 8 | | 8 | | = 
[6 | toiz | Output in LowZ from CE (Notes 4,10, | 6 || s || 5s || me _| 
[7 [toxiz [Output in HiZ from CE (Notes 410,19 | ‘| so |_| 8 | | 6 | 
[8 | toiz | Output in LowZ from OE (Notes 4, 10,71 | 8 | | s [| | 6s | |_| 
[2 | toniz | Output in Hiz trom OE (Notes «, 10,1 ‘| +| «= | | # | | 60 | ne 


| 10 | teu ___| Chip Selection to Power-Up Time (Note 12) | oo =| | Co Tf Ts 
|_t1_ | tpn __| Chip Deselection to Power-Down Time (Note 12) | | 55 | | | ts 
oOo 


A 3 ae 
(Note 1) a a 
a amass ss ey ary 
ee eee oe ee ee 
Eas | ym | We Geooey eee oe 
[17 [tos | Data Setup Time a ee eee ee 
[1@ [ton | Data Hold Time cs) oe eee 


[19 wiz | Output in Low.2 from WE Wotes 40 -+| s | | s || s ||. 
[20 | twnz | Output in HiZ from WE (Notes 4, 10, 12) aS ee eS ee 
[21 | taw | Adress to End of Write Se ep ee oe 


Notes: See notes following DC Characteristics table. 


SWITCHING TEST CONDITIONS SWITCHING TEST CIRCUIT 

Input Pulse Levels 4 to 2.4 220 nN 
Vv DouT 
[Input Fise and Fall Times | 10 re 
Input Timing Reference 1.4 V 
Levels 100 1 CL 
(including 
Output Timing Reference 1.4V scope and 
Levels ia) 
1.732 V : 
TC003700 
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SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORMS 


WAVEFORM 


INPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROMH TOL 


MAY CHANGE 
FROML TOH 


DON'T CARE; 
ANY CHANGE 
PERMITTED 


DOES NOT 
APPLY 


OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


WILL BE 
CHANGING 
FROML TOH 


CHANGING; 
STATE 
UNKNOWN 


CENTER 
LINE IS HIGH 
IMPEDANCE 
“OFF” STATE 


KS000010 
‘ac 
AOORESS 
tacc ton 

to.z ‘onz 

\AAAAAAAD AAKAAAAS 
RSID ciaoecnoee: 
Dour OO OUTPUT DATA VALID BO OE 

: OY YY 
INDETERMINANT 


WF000130 


Read Cycle No. 1 (Notes 5, 6) 


WF000140 


Read Cycle No. 2 (Notes 5, 7, 8) 
Notes: See notes following DC Characteristics table. 
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SWITCHING WAVEFORMS (Cont'd.) 


ADDRESS 


] 


oO 
m 


= 
m 


SOO OOOOOOOOOOOO OOOO OOOO 
OOOO COTOOOO OO OOCOOOOO OOO SOEs 
2) OOO OOOCOOO OOOO OOOO OOOOH OOD re 
Our CCI ) 
SOC SECEEEREEEAEEEHEAEEEOSE 


Ow DATA iN STABLE 


Write Cycle No. 1 


WF000150 


oo 


ce 
tas twe ‘wr 
\ \ 
\ \ 

twnz twuz 
OOOO OOUO OOO URL IOOULK KOOL K KOR KK KICK KX MN HIGH IMPEDANCE COOOL OLLI 
Dour BREN SOOO RR RRR RRR XK XH 
QOOOOOOOOOO SOOO II BAKKER KK KKK K 


eee ee BY Ye Ye ey) 


‘os 


OATA IN STABLE 


Write Cycle No. 2 (Notes 7, 8) 


Notes: See notes following DC Characteristics table. 


WF000160 
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TYPICAL PERFORMANCE CURVES. 


Supply Current Supply Current Normalized Access Time 
Versus Ambient Temperature Versus Supply Voltage Versus Supply Voltage 
175 
100 
Eas 
8 


25 
EeESSE SE 
P eS eke a es SE 
—55-35-15 5 25 45 65 85 105 125 
T-€ Vec - V 
OP000640 OPO000650 OP000660 
Normalized Access Time Access Time Change Output Source Current 
Versus Ambient Temperature Versus Output Loading Versus Output Voltage 
100 
Mi 
2 
' 
g ys 
= ' 
4 
3 $ « 
=] 
20 
) 0 
-55-35-15 5 25 45 65 85 105 125 © 100 200 300 400 500 0 1 2 3 4 
Tj - °C C, - pF Vout - V 
OP000670 OP000680 OP000690 
Output Sink Current Typical Power-On Current Access Time Change 
Versus Output Voltage Versus Power Supply Versus Input Voltage 


ATaa STacs — 18 
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Am2130/Am2140 


1024x8 Dual-Port Static Random-Access Memories 


DISTINCTIVE CHARACTERISTICS 


ct 


Advanced 
Micro 
Devices 


True dual port operation 

Access time as fast as 55 ns 

Master device (Am2130) has on-chip arbitration 
Expandable data bus width in multiples of 8 bits using 
one master (Am2130) and required number of slave 
devices (Am2140) 


Automatic power-down feature 

All inputs and outputs are TTL-compatible 
48-pin DIP or 52-pin PLCC 

Single +5-volt power supply 

Advanced N-MOS technology 


GENERAL DESCRIPTION 


The Am2130 and the Am2140 are members of the 1K x8 
dual-port static RAM family. The Am2130 is designated as 
the master and the Am2140 as the slave device. The 
master provides the necessary control signal to the slave 
devices to facilitate implementing a wider data bus in a 
system. The master/slave concept allows expansion with 
minimal external logic. 


Both devices have two independent ports called Left and 
Right port. Each port consists of an 8-bit bidirectional data 
bus and a 10-bit address input bus and necessary control 
signals. 


The Am2130 has an on-board arbiter to resolve contention 
between the left and right ports. When contention between 
ports occurs, one port is given priority while the other port 
receives a busy indication. 


The Am2130 also contains on-chip facilities for supporting 
semaphores. Addresses (3FE)y and (3FF)y serve as 


interrupt generators. If any data is written at the address 
(SFF)y from the left port, an interrupt signal becomes active 
for the right port. The interrupt signal is deactivated by 
reading from the right port at the same address. The 
address (3FE)y is used in a similar fashion by the right port 
to activate the interrupt signal for the left port. 


The Am2130/Am2140 also have two chip enable signals 
corresponding to the left and right ports. Before any 
transaction on a port takes place, the corresponding chip 
enable input must be activated. If a chip enable signal is not 
active, the circuitry corresponding to its side automatically 
powers down and enters standby mode. 


The Am2130/Am2140 are packaged in 48-pin DIPs or 52- 
pin plastic leaded chip carrier. All inputs and outputs are 
TTL-compatible and the devices operate from a single + 5- 
volt power supply. 


BLOCK DIAGRAM 
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Notes: 1. 


OE, OER 
VOo. 7 3 Yon 
e e 
VO7 ° ° VO7R 
Ag. Aor 

e 

e es 

e 
Ar Arr 

Busy,” BUSY,” 

Ae Aca 

J e 

e o 

s s 
Ao. Aor 

CONTENTION 
INTERRUPT 
LOGIC 
int a ae 
: CE, (Am2130 CE, ail 
OE, ONLY) OER 
R/W, R/Wa 
BD005085 


Am2130 (Master): BUSY is open-drain output and requires pull-up resistor. 
Am2140 (Slave): BUSY is an input. 


Publication # 
05157 


Rev. 


Amendment 
F /0 


Issue Date: January 1989 


CONNECTION DIAGRAMS 
Top View 


DIP PLCC 


CD005813 
Note: Pin 1 is marked for orientation. 


LOGIC SYMBOL 


R/W, O&, OE, 


1/0 -/On 


'/Qon - Ore 


LS002232 


Voc = +5-V Power Supply 
Vss = Ground 
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ORDERING INFORMATION ; 


Standard Products 


AMD products are available in several packages and operating ranges. The order number (Valid Combination) is 


formed by a combination of: a. Device Number 
b. Speed Option (if applicable) 
c. Package Type 
d. Temperature Range 
e. Optional Processing 


AM2130 -70 P C B 


a. DEVICE NUMBER/DESCRIPTION 
Am2130/Am2140 
1K x8 Dual-Port Static RAM 


. OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 


. TEMPERATURE RANGE 


C = Commercial (0 to + 70°C) 


- PACKAGE TYPE 


P = 48-Pin Plastic DIP (PD 048) 
D = 48-Pin Sidebrazed Ceramic DIP (SD 048) 
J = 52-Pin Plastic Leaded Chip 

Carrier (PL 052) 


. SPEED OPTION 


-55=55 ns 
-70=70 ns 
-10=100 ns 
-12=120 ns 


Valid Combinations 


Valid Combinations Valid Combinations list configurations planned to be 


PC, PCB, DC, 
DCB, JC, JCB 


products. 
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supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 


MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) 
for APL products is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Device Class 

d. Package Type 

e. Lead Finish 


AM2130 = /B x c 
. LEAD FINISH 


C = Gold 


d. PACKAGE TYPE 
X = 48-Pin Sidebrazed Ceramic DIP 
(SD 048) 


c. DEVICE CLASS 
/B =Class B 


b. SPEED OPTION 
-70=70 ns 
-10= 100 ns 
-12= 120 ns 


a. DEVICE NUMBER/DESCRIPTION 
Am2130/Am2140 
1K x8 Dual-Port Static RAM 


Valid Combinations 


Valid Combinations Valid Combinations list configurations planned to be 


AM2130-70 supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 


| AM2130-10 combinations or to check for newly released valid 
AM2130-12 combinations. 
/BXC 
AM2140-70 Group A Tests 


Group A Tests consist of subgroups 1, 2, 3, 7, 8, 9, 10, 11. 
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PIN DESCRIPTION 


Am2130 


Ao_-Ag_ Left Port Address (inputs) 

These 10 inputs constitute the memory address for the left 
port. Ao is the least significant bit position and Ag is the 
most significant position. A HIGH level on any of these 
inputs represents a logic 1 at that position and LOW 
represents a logic 0. The sequence of events and related 
‘timing for the address inputs during read and write 
operations will be discussed in later sections of this data 
sheet. 


If a write operation is performed using (3FF)H, an interrupt 
signal is activated for the right port (see INTR pin 
description). 


If a read operation is performed using (3FE)y, the INTL 
signal will be deactivated (see INT, description). 


Aorn-AogrR_ Right Port Address (inputs) 

These 10 inputs constitute the memory address for the right 
port. Ag is the least significant bit position and Ag is the 
most significant position. A HIGH level on any of these 
inputs represents a logic 1 at that position and LOW 
represents a logic 0. The sequence of events and related 
timing for the address inputs during read and write 
operations will be discussed in later sections of this data 
sheet. 


If a write operation is performed using J (SFE)H, an interrupt 
signal is activated for the left port (see INT, pin description). 


If a read operation is performed using (3FF)y, the INTR 
signal will be deactivated (see INTR description). 


BUSY; Left Port Busy Fiag (Output; Open Drain) 
This open-drain output requires a pull-up resistor for proper 
operation. A LOW on this output indicates that the on-chip 
arbitration logic detected a contention between the left and 
right ports and the right port is given priority. All left port 
signals must be held stable until a HIGH on this output is 
indicated. 


The BUSY, signal generation is a logical function of the left 
and right port address inputs and the CE, and CER inputs. 
The transient behavior of the BUSY, output is not assured 
while the inputs are changing. 


BUSYR- Right Port Busy Flag (Output; Open Drain) 
This open-drain output requires a pull-up resistor for proper 
operation. A LOW on this output indicates that the on-chip 
arbitration logic detected a contention between the left and 
right ports and the left port is given priority. All right port 
signals must be held stable until a HIGH on this output is 
indicated. 


The BUSYp signal generation is a logical function of the left 
and right port address inputs and the CE, and CEp inputs. 
The transient behavior of the BUSYpR output is not assured 
while the inputs are changing. 


CE, Left Port Chip Enable (Input) 

This input must be LOW before any transaction from the left 
port and remain LOW for the duration of the transaction. 
When this input goes HIGH, left port logic circuits enter 
standby power mode and remain in this mode as long as 
this input remains HIGH. It should be noted that powering 
down the left port to standby mode does not affect the INT. 
or INTR outputs. This input going HIGH also initializes the 
internal arbitration latch. It is recommended that CE, go 
HIGH after completing a transaction (see discussion on 
arbitration). 


CER Right Port Chip Enable (Input) 


Operation of this input is identical to CE, except that the 
CER input controls the right port. 


GND (Vss) Ground 
1/Oo_-1/O7_ Left Port Input/Output Bus 


(Input/Output; Three State) 

These eight lines constitute the data bus for the left port. If a 
read operation is performed using the left port, data from the 
location addressed by the left port address will be available 
on these lines. Similarly, to perform a write operation using 
the left port, data to be written into the memory must be 
presented on these lines. The drivers on the chip to drive 
these lines are enabled only when the CE, is LOW, OE, is 
LOW and R/W, is HIGH. 


1/OoR-!1/0O7R ~=Right Port Input/Output Bus 


(Input/Output; Three State) 
These eight lines constitute the data bus for the right port. If 
a read operation is performed using the right port, data from 
the location addressed by the right port address will be 
available on these lines. Similarly, to perform a write 
operation using the right port, data to be written into the 
memory must be presented on these lines. The drivers on 
the chip to drive these lines are enabled only when the CER 
is LOW, OER is LOW and R/Wp is HIGH. 


INT, Left Port Interrupt Flag (Output; Open Drain) 


This open-drain output requires a pull-up resistor for proper 
operation. If the right port performs any write operation 
using address (3FE)y, then this output goes LOW. It will 
remain LOW until the left port successfully completes any 
read operation using the address (3FE)y. It should be noted 
that powering down the ports has no effect on this output. 


INTR Right Port Interrupt Flag (Output; Open Drain) 


This open-drain output requires a pull-up resistor for proper 
operation. If the left port performs any write operation using 
address (3FF)y, then this output goes LOW. It will remain 
LOW until the right port successfully completes any read 
operation using the address (3FF)y. It should be noted that 
powering down the ports has no effect on this output. 


OE, Output Enable Left 1/0 Port (input) 


When this input is HIGH, the left port |/O bus lines are in 
high impedance state. If this input is LOW and CE, is LOW 
and R/W is HIGH, the left port drivers are enabled and 
data from the location addressed by the Ao, -— Ag, inputs 
will be available on the I/O bus lines of the left port. It may 
be of interest to note that the OE, input has no effect on the 
BUSY, or BUSYp or INT, or INTR signals. Even though the 
left port |/O port drivers are disabled when the R/W, input 
goes LOW (write operation), it is recommended that the OE, 
signal be kept HIGH during write operations to the left port. 


OER Output Enable Right 1/0 Port (Input) 


When this input is HIGH, the right port 1/O bus lines are in 
high impedance state. If this input is LOW and CER is LOW 
and R/Wp is HIGH, the right port drivers are enabled and 
data from the location addressed by the Agr —- Agr inputs will 
be available on the I/O bus lines of the right port. It may be of 
interest to note that the OER input has no effect on the 
BUSY, or BUSYp or INTL or INTR signals. Even though the 
left port 1/O port drivers are disabled when the R/Wp input 
goes LOW (write operation), it is recommended that the OER 
signal be kept HIGH during write operations to the right port. 
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R/W, Left Port Read/Write Enable (input) 
This input is used to specify the left port function to be 
performed. HIGH indicates a read and LOW indicates a 
write function. 


When the CE, is LOW and the OE; is LOW and the R/W, is 
HIGH, data from the location addressed by the Ao, - Agi 
will be available on the I/Oo, -!/O7, lines. As mentioned 
earlier, reading from the left port at the location (SFE)y 
disables the INT, output. 


When the CE, is LOW and the R/W, goes LOW, data 
present on the |/Oo, -!/O7, lines will be written into the 
location addressed by the Ag, — Ag, inputs. It should be 
noted that the write operation is not affected by the OE, 
input. However, it is recommended that the OE, input be 
held HIGH during a write operation. As mentioned earlier, 
performing a write operation from the left port at the address 
(3FF)y causes the INTR output to go LOW. 


It should be noted that even though R/W_ is LOW, writing is 
internally inhibited if the right port is given priority by the 
arbiter. Discussion on arbitration can be found in a later 
section. 


R/Wr_ ‘Right Port Read/Write Enable (input) 


Am2140 


The Am2140 is functionally very similar to the Am2130. The 
Am2140 differs from the Am2130 in two signals only — 
BUSY, and BUSYp. In the case of the Am2140 they are used 
as inputs and play a significant role in expanding the word 
width. 


BUSY, Left Port Busy Flag (input) 
If this input is LOW, a write enable signal to the left side of 
the memory array is internally disabled. In expanded 
systems where an Am2130 is used as the master, this input 
is connected to the BUSY, output of the Am2130. 


Am2130/Am2140 


This input is used to specify the right port function to be 
performed. HIGH indicates a read and LOW indicates a 
write function. 


When the CER is LOW and the OER is LOW and the R/Wr 
is HIGH, data from the location addressed by the Apr — Agr 
will be available on the |/Oor —1/O7R lines. As mentioned 
earlier, reading from the right port at the location (8FF)y 
disables the INTg output. 


When the CER is LOW and the R/Wr goes LOW, data 
present on the |/Oor -!/O07R lines will be written into the 
location addressed by the Agr -AgpR inputs. It should be 
noted that the write operation is not affected by the OER 
input. However, it is recommended that the OER input be 
held HIGH during a write operation. As mentioned earlier, 
performing a write operation from the left port at the address 
(3FE)4 causes the INT, output to go LOW. 


It should be noted that even though R/Wr is LOW, writing is 
internally inhibited if the left port is given priority by the 
arbiter. Discussion on arbitration can be found in a later 
section. 


Vcc +5-Volt Power Supply 


BUSYR Right Port Busy Flag (Output; Open Drain) 


If this input is LOW, a write enable signal to the right side of 
the memory array is internally disabled. In expanded 
systems where an Am2130 is used as the master, this input 
is connected to the BUSYpR output of the Am2130. 
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FUNCTIONAL DESCRIPTION 


As shown in the block diagram, the Am2130/Am2140 is a true 
1K x 8 dual-port RAM. It consists of a memory array with two 
sets of address decoders and associated logic. This arrange- 
ment allows the accessing of every word in the memory array 
from two independent sources. We call these sources left side 
and right side for convenience. Data accessed by the left-side 
address inputs appears on the left-side data lines of the array 
and is connected to the left-side I/O pins through the 
associated three-state buffers. The enable control signal for 
these buffers is generated using the R/W,, CE, and OE, 
inputs. If the |/O buffers are disabled on the chip, the I/O pins 
can be used as inputs. Data to be written from the left port is 
presented on these inputs. Writing into the memory array from 
the left side is controlled by the left write enable signal 
generated on the chip using the R/W, and CE, inputs. An 
identical arrangement exists for the right side also. In addition, 
there is on-chip arbitration logic to give priority to one port over 
the other in case of a contention, and interrupt flag logic. 


Contention Arbitration 


Two independent access facilities are provided in a dual-port 
memory to eliminate physical interference between signals. 
However, there are two significant possibilities of ''logical'' 
interference which are not tolerable: when one port is reading 
from a location while the other port is writing into the same 
location at the same time. In this case, data received by the 
reading port may not be predictable. Similarly, consider the 
situation when both ports write information into the same 
location simultaneously. The resultant data that finally ends up 
in the memory location may not be valid. These two situations 
are commonly called contention. The Am2130 has on-chip 
logic to detect contention and give priority to one port over the 
other. In a true dual-port RAM, simultaneous reading from both 
ports at the same address does not corrupt the data. Hence, it 
can be construed that no contention occurs. However, for the 
sake of simplicity and compatibility with the industry standard 
practices, the Am2130 arbitration is based purely on ad- 


dresses. Hence, in the case of a simultaneous read from both | 


ports at the same address, the arbitration logic will sense 
contention and give priority to one of the ports. The other port 
will receive a busy indication. 


Aor Agy 


BUSY, 


INHIBIT 


Figure 1 is a conceptual logic diagram of contention arbitration 
logic. It consists of two equality comparators. The left compar- 
ator compares the left port address inputs to the delayed 
version of the right port address. Similarly, the right compara- 
tor compares the right-port address to the delayed version of 
the left port address. The output of the comparators is 
connected to a latch formed by two cross-coupled NAND 
gates as shown in Figure 1. The chip enable signals, CE, and 
CEr, are also inputs to this latch as shown. The BUSY, and 
BUSYpR outputs are generated by gating the latch output with 
the proper chip enable signal as shown. Also note that the 
latch outputs are used internally for left and right write inhibit 
signals. For example, if the right side write inhibit signal in 
Figure 1 is LOW, writing into the memory does not occur even 
if the R/Wp input of the Am2130 is LOW. 


The operation of the arbitration circuit can now be explained. 
Assume that the left port address had been stable and CE, is 
LOW. Both Q and Q' outputs of the latch will be HIGH 
because the output of both comparators is LOW (addresses 
are different). So the BUSY output on both sides is HIGH. Now 
assume that the right address changes and becomes equal to 
the left address. The right address comparator output goes 
HIGH and the Q' output of the latch goes LOW. Eventually the 
output of the left comparator also goes HIGH, but because of 
the cross coupling of the Q' into the gate generating the Q 
output, Q output remains HIGH. As soon as the CER input 
goes LOW, BUSYp becomes LOW. Thus, the arbitrator gave 
priority to the left port by indicating a busy signal to the right 
port. Thus in this example, the left port is the winner and the 
right port is the loser in the contention for the memory. Sooner 
or later the left port will finish its transaction at the contended 
location and change the address or its chip enable will go 
HIGH. Thus when the contention is over the Q output of the 
latch will become HIGH and BUSYp will go HIGH. A similar 
reasoning can be used to understand the operation of the left 
side. It should be clear then, in cases of contention, the arbiter 
will decide one port as the winner and the losing port must wait 
for the winner to complete the use of the memory. The winning 
port must indicate to the arbiter that it has completed its 
operation either by changing the address or making its chip 
enabie input HIGH. Without such an indication, the arbiter will 
not remove the busy indication to the losing port. 


Aor-Agr 


BUSY, 


INHIBIT 
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Figure 1. Conceptual Arbitration Logic 
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Read/Write Operations 


Performing read/write operations when there is no contention 
is relatively straightforward. The sequence of events for a read 
is listed below. The timing relationships between various 
signals can be found in later sections of this data sheet. 


1. Establish HIGH on the R/W and LOW on the CE input of 
the desired port. 


2. Establish the desired address on the desired port address 
lines. 


3. Make the OE input of the desired port LOW. 


4. The I/O lines of the selected port will contain the data after 
the access time has elapsed. 


5. Make the output enable and chip enable inputs HIGH to 
complete the read operation. 


Performing write operations when there is no contention is 
equally straightforward. The sequence of events for a write is 
listed below. The timing relationships between various signals 
can be found in later sections of this data sheet. 


1. Establish LOW on the CE input of the desired port. 


2. Establish the desired address on the desired port address 
lines. 


3. Establish the desired data on the I/O lines of the port. 


4. Make the R/W input of the port LOW and bring it HIGH 
after the specified amount of time. 


5. Make the CE input HIGH to complete the operation. 


When a read or write operation is initiated by a port and 
contention from the other port occurs,.the implications are 
very simple. The losing port will see its BUSY line go LOW. 
The port must wait until a HIGH is indicated on the BUSY line. 
Thus in this case of contention, the operation did not really 
start when the port initiated it. Instead, the operation actually 
started when the BUSY line went HIGH. See the timing 
diagram for details. 


interrupts 


Each port has an associated output called interrupt. The 
interrupt outputs are activated and deactivated by the on-chip 
logic when read and write operations occur with a particular 
address location. For example, if a write operation is per- 
formed by the left port with address (3FF)y, an on-chip latch is 
set. This latch drives the INTR output LOW. The latch is 
cleared only when a read operation from the right port using 
the address (3FF)} takes place. Similarly, if a write operation 
from the right port using the address (3FE)y occurs, a latch is 
set to drive the INT. output LOW. The INT__ will go HIGH (latch 
is cleared) only after a read operation from the left port using 
the address (SFE) occurs. As mentioned before, powering 
down a port to standby mode does not affect these outputs. 


Depth Expansion Using Multiple Am2130s 


The Am2130 has an intrinsic storage capacity of 1K bytes. 
However, it is simple to expand the storage capacity by using 
multiple devices. Figure 2 is a conceptual diagram of a 2K byte 
dual port memory system using two Am2130 devices. The 
principle behind such expansion is obvious: all that needs to 
be done is to decode the most significant system address to 
generate the individual CE inputs for the Am2130s. For 


Am2130/Am2140 
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example in Figure 2, Ajo is the most significant address bit. 
When this signal is LOW and CE input is LOW, the chip enable 
input of the upper Am2130 goes LOW. Thus, the first 1K 
locations are selected for transactions. On the other hand, if 
Aio0 is HIGH and CE is LOW, the chip enable input of the lower 
Am2130 goes LOW selecting the second 1K locations. As 
depicted in the figure, the address inputs of both Am2130 
devices are bussed together. Similarly, the !/O signals are 
also bussed to create the overall data bus. Also note that the 
other control signals are connected between the two devices. 


In this example, we have not used the interrupt outputs. 
However, it should be noted that depth expansion using 
multiple devices does not change the operation of the 
interrupt outputs. The interrupt output of each device behaves 
as described before. Hence, the user must decide which 
interrupt output from which device will be used in his system. 


Width Expansion 


The intrinsic width of the data word of the Am2130 is eight 
bits. However, it is possible to realize wider data words 
(multiples of 8) by using multiple devices. The instinctive 
solution of taking the required number of the devices and 
assigning the data bits to individual devices is potentially 
unreliable. As we know, the Am2130 has arbitration logic on 
the chip, and hence is called the master. When several of 
these masters are present, device-to-device variations and 
other factors may cause one device to give priority to one port, 
while another device gives priority to the other port. In 
essence both ports are busy! This is an undesirable situation 
and should not be allowed in operation. The most elegant way 
to avoid the situation is-to allow only one device to arbitrate 
the contention. It is recommended that when expanding the 
width of the data words, the Am2130 be used as the master 
and a number of Am2140s be used as slave devices. The 
Am2140 does not have the arbitration capability; instead it 
accepts the BUSY outputs generated by the Am2130 as 
inputs. 


Figure 3 is a conceptual diagram of a 16-bit system using one 
Am2130 and one Am2140. As can be seen, using master/ 
slave devices avoids external logic for expansion. For the sake 
of completeness of this discussion, it may be noted that it is 
indeed possible to expand the width using Am2130s only. 
However, external logic must be provided to prevent every 
device of the system from arbitrating. We want only one 
device to be the arbitrator. As explained in Figure 1, arbitration 
can be defeated by suitable control of the CE input of the 
Am2130. 


Figure 4 shows a conceptual diagram of a 16-bit system using 
two Am2130s. Device 1 in this figure behaves as the master. 
The external logic shown in the figure ensures that the CE 
input of Device 2 is HIGH if the corresponding BUSY output of 
Device 1 is LOW. Thus the arbitration logic of Device 2 is 
prevented from taking part in resolving contention. 


Simultaneous Width and Depth Expansion 


By combining the depth and width expansion schemes dis- 
cussed, it is possible to build systems with greater depth 
(multiples of 1K) and wider words (multiples of 8). Figure 5 
shows a conceptual diagram of a 2Kx16 system. The 
operation of this scheme is understood by suitably combining 
the explanation of Figure 2 and Figure 3 and hence is not 
repeated here. 
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Figure 3. Width Expansion with Master/Slave 
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Figure 5. Conceptual Diagram of a 2K x 16 System Using Master/Slave 
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TABLE 1. NON-CONTENTION READ/WRITE CONTROL 


se Left Port Inputs Right Port inputs Left Flags | Right Flags ay 
WL] CEL |OEL| Ac-As |R/Wr| CER |OEn| Aon-Aon |BUSYi| INT. |BUSYa| INTR 
a ds ob a a el 
down mode 
CT tr 
down mode 


Data on left port 
written to memory 
location Ao. - Ag. 
Data in memory 
location Ag. — Agi 
output on left port 

Xx X X X L i: Xx X Xx Xx Data on right port 
written to memory 
location Aor — Agr 

Xx X X H L L X X Xx Data in memory 
location Aor - Agr 
output on right port 

L L x 3FF X X X X xX H L_ |Left port flags right 
port to read memory 
location 3FF 

X X X X L L X 3FE L Right port flags left 
port to read memory 
location 3FE 

TABLE 2. BUSY ARBITRATION OF ADDRESS CONTENTION 


Flags 
Left Port Right Port (Note 1) 


Chaya Baga ine 


a [Hight Por operation only 


Match is permitted. (Note 3) 


[wan |x| ee [xa 


Match 
(LIV) 


TABLE 3. INTERRUPT FLAG 


| —L_{Left-port operation only 
is permitted. (Note 4) 


Left Port Right Port 


ae ee ee ae 
pram | CH | O& | roman | Wr. | w/e | Cee | Cee | Aomton | Win 


Key: H=HIGH 
L = LOW 
LIV = Last Input Valid; meets taps spec (Note 2) 
X = Don't Care 
X14 = No Match, or 
Same port deselected, or 
Opposite port has priority 


Notes: 1. INT Flags = X 

2. If LIV violates taps spec then one of the two ports receives priority, and the remaining port's BUSY Flag goes LOW. However, 
there is an extremely rare metastable event which can occur when the arbitration circuitry cannot determine which port was ''first'' 
at the matching address. On this rare occurrence, both ports may iting receive BUSY = LOW signals until the metastable 
state is resolved (usually within a few nanoseconds). Thereafter, one port's BUSY remains LOW while the other completes its 
operation and resumes normal operation. 

3. A Left-Port Read operation is also permitted if the Right-Port is also reading. 

4. A Right-Port Read operation is also permitted if the Left-Port is also reading. 
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ABSOLUTE MAXIMUM RATINGS (Note 15) OPERATING RANGES (Note 8) 


Storage Temperature ...................ceeeeeees -—65 to + 150°C Commercial (C) Devices ; 
Ambient Temperature TAMER Fic is oe svc ices onc Cae A naan apes 0 to +70°C 

with Power Applied ...................0ece0e0: -55 to +125°C Supply Voltage (VCC) ...........scceseeeeees +4.5 to +5.5 V 
Supply Voltage = 

with Respect to Ground ..................... -0.5 to +7.0 V ebay 1M} Daices o 

; Ji tj i 2 SSS ee ee ee eee -55 to +125°C 

All SIRRI-VOURGOS Ss vascciavassevessetenstevantes -3.5 to +7.0 V Supply Voltage (Vcc) +45 to +55 V 
POWOE ANGOIIEIOR 558 55 ci Ao vi does Veda Ses HOBIE cea 1.2 W PPly g i ee a : ; 


Operating ranges define those limits between which the 


Stresses above those listed under ABSOLUTE MAXIMUM functionality of the device is guaranteed. 


RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified (for APL Products, Group A, 
Subgroups 1, 2, 3 are tested unless otherwise noted) 


Am2130/Am2140 


Parameter Parameter 
Symbol Description Test Conditions 


Input Load Current > < 
(All Input Pins) Vec = Max., Vin = GND to Voc 
Output Leakage Current alee a es 
Power Supply Current Voc = Max., CE = Vi_ Sovecs | | vo | 
Daviess 
Standby Current Voc = Min. to Max., Devices eS 
evices 
ices 
saredy by tals CEL = Vit and CER = Vin or 


| Vu__|_Input LOW Voltage ee ee 
| Vin sss Input HIGH Voltage 


iy: al LOW Voltage = 
BUSY (No INT ao Voltage lol =4 mA 
Y (Note 14), INT) (Note 7) 
Sto ee Se 


CAPACITANCE (Note 9) 


Parameter Parameter 
Symbol Description Test Conditions 


[Cour __| Output Capacitance oa a cnn 
Input Capacitance 


Notes: See notes following Switching Waveforms. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified (for APL Products, 
Group A, Subgroups 7, 8, 9, 10, 11 are tested unless otherwise noted) 


nae 


Parameter Parameter Test 
Symbol Description Conditions 


READ CYCLE (Note 10) 


Ww (Notes 5 8 9 
[Chip Disable to Power Down Time | (Note 9) _| 


RITE CYCLE (Note 10) 


wo 
[chip Enable to End of Wite | 
iaw | Addoss Valid to End of Wite | 
cree 
aa 


6 |F |F 
reer 


= 


Seda aks 
we | Wite Pulse Wah TS 
Wr 
Data Valid to End of Write 
Data Hold Time i Fegan Bie eo 
iwz 


BUSY FLAG TIMING (Notes 7 & 14) 


Read Cycle Time De Sea aaa 
Write Cycle Time prricies sata ome 
SY to Write (Note 13) 
Write Hold After BUSY (Note 13) 20 
y : 5 


Bio 
Bice 
| 12 | 
pe 
4 ob We 
ge 
Bae 


= 


ie) 
— 


tRC 
twc 
BU 
tBAA BUSY Access Time to Address (Note 9) 
tBDA BUSY Disable Time to Address (Note 9) 
BU 


BUSY Disable T to Chip E | Ch 
tapc pied isable Time to Chip E nable or Chip (Note 9) 


taps Arbitration Priority Setup Time Pt oe i] 


Tar [ins | Adress 10 Interupt Set Time 
22 | 
33 [twa | Address to interupt Reset Time 
34 [tea | Chip Enabie to interrupt Reset Time 


Notes: See notes following Switching Waveforms. 
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SWITCHING TEST CIRCUITS 


+5V +5V 
1250 4) 4150 « 
Pour BUSY & NT 
7754) CAP CAP 
TC002201 TC002222 


Test Loads A and B 


Test Loads C and D 


TEST OUTPUT LOADS 


Test Load | CAP 
5 oF (Note 


5 pF (Note 1) 


Notes: 1. Includes Scope and Jig Capacitance. 


SWITCHING TEST WAVEFORM 


AC Test Conditions 
Input Levels GND to 3.0 V 
Input Rise and Fall Times 


Input Timing Reference 
tS-¥ 
Levels 
Test Output Load See Test Output Loads Table 


SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROM H TOL 


MAY CHANGE 
FROML TOH 


DON’T CARE; 
ANY CHANGE 
PERMITTED 


DOES NOT 
APPLY 


Am2130/Am2140 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


WILL BE 
CHANGING 
FROM L TOH 


CHANGING; 
STATE 
UNKNOWN 


CENTER 
LINE IS HIGH 
IMPEDANCE 
“OFF” STATE 


KS000010 
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SWITCHING WAVEFORMS (Cont'd.) 


READ CYCLE 
(Either Side) 


SE ee eae a 


@) 


AOORESS 


(5) 


| \ 


WF009391 
Address Access 
(Notes 1 & 2) 


cE 
oo 
DATA OUT VALIO DATA 
Se. Waste 


WFO009401 


CE and OE-Controlled Access 
(Notes 1 & 3) 
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SWITCHING WAVEFORMS (Cont'd.) 


WRITE CYCLE 
(Either Side — Note 4) 


AODRESS 


Re nr Se er eR Tae 

ae 

a eee 
«LX TSS fez 


® 
= 


® 


@—-—_-+-@- 


“777 CY 


HIGH IMPEDANCE 
DATA OUT 


WF009411 


E-Controlled Data Out 


AOORESS 


DATA IN 


HIGH IMPEDANCE 


DATA OUT OATA UNDEFINED 


WF009421 


WE-Controlled Data Out 
(OE = Vit) 
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SWITCHING WAVEFORMS (Cont'd.) 


BUSY FLAG TIMING (1 of 2) (Note 12) 
(Chip Enable Arbitration) 


A/A/JVJVVV 
— Ke) 


CE, 


CER 


BUSY, 


WF009433 


Er Valid Last 


o— SXXKED 


OS ee hg ee 
@®— 


CER 


CE, 


BUSY, 


WF009434 


E, Valid Last 
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SWITCHING WAVEFORMS (Cont'd.) 


BUSY FLAG TIMING (2 of 2) 
(Address Arbitration) 


CER \ \ \ \ \ / 
@— 
2. \\\ 
as = 
AOOR, = AODRESSES MATCH CX ¥x ADDRESSES ODO NOT MATCH 
pe- ase — 
—— 


BUSY, @5) 


WF009443 


ADDRR Valid Last 


See 


ae esis 
nore = | aaoesses aren = MX XK atonesses oo wor waren 
— 


one — 
AOOR, ADDRESSES MATCH ADDRESSES DO NOT MATCH 


BUSY, 


WF009444 


ADDR, Valid Last 


eee: © 
+-@ - 


S| 


BUSY 


WF024680 
For Am2140 Only 
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SWITCHING WAVEFORMS (Cont'd.) 


INTERRUPT TIMING (1 of 2) 
(Set INT Flag — Note 11) 


@1) 
on eK ere 
(9) @) 
2) 
pho RTP. 


G1) 


PTT. 


3) 
ADDR, 


ee a 
(2) 


tet Fly @ © 
Sees 
a es BER Saat 


@) 


WF009486 
Left Side Flags Right Side 


po AL ee. 


WF009487 
Right Side Flags Left Side 
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SWITCHING WAVEFORMS (Cont'd.) 
INTERRUPT TIMING (2 of 2) 


(Clear INT Flag) 
SS RE SEs SSS 
it 06.088 68S eae 88 Se s.r 


mM VU 

cE, cons LL. 

FONDA LLLLLL 
ee 


@9 


Sa eee 


INTL, 


Left Side Clears INT. 


AAA 00000000000 6 a 

= TTT 

a ANNAN / 

x. WO /TT 
ame 


(33) 


Sacany aaa 


Right Side Clears INTr 
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Notes* 


1.R/W is HIGH for Read Cycles. 

2. Device is continuously enabled, CE = Vi, OE = Vi. 

3. Addresses valid prior to or coincident with CE transition LOW. 

4.|f CE and R/W go HIGH simultaneously, the outputs remain in the high-impedance state. 

5. Transition is measured at 1.5 V on the input to VOH - 500 mV and VOL + 500 mV on the outputs using the Load shown in Load A. 
6. CEL = CER = Viz. 


7. The BUSY and INT outputs are open drain. A pull-up resistor is required for system operation. For measurement purposes, Load 
C is used for HIGH-to-LOW transitions; output reference level is 1.5 V. Load D is used for LOW-to-HIGH transitions; output 
reference level is +500 mV from the output LOW voltage level. 


8. For test and correlation purposes, ambient temperature is defined as the instant-on case temperature. 
9. This parameter is guaranteed by design but is not 100% tested. 
10. Except where indicated, I/O pins use Load B. 


11.For a given port to Set or Clear an Interrupt Flag, 1) that port must have priority if addresses match and both 
CE, = CER = LOW; or 2) Addresses do not match. 


12. If the last input valid transition, which would ordinarily cause a match, occurs at the same time that the opposite port address or 
CE changes to a no-match condition, then BUSY will remain HIGH (i.e., if there is never a match, then BUSY remains HIGH). 


13. For Slave Am2140 only. 
14. For Master Am2130 only. 


15. Absolute Maximum Ratings are intended for user guidelines and are not tested. 


* Notes listed correspond to reference made in the following sections: - Operating Ranges 
- DC Characteristics table 
- Switching Characteristics table 
- Switching Waveforms 
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| Advanced Information information al 
Am99C134 


4K x 8 Dual-Port Static Random 
Access Memory 


DISTINCTIVE CHARACTERISTICS 


True dual port operation 

Access time as fast as 35ns 
Low power dissipation 

— 900 mW max. operating power 


—- 25 mW max. standby power for CMOS 
interface levels 


m 2V Data retention capability 
BLOCK DIAGRAM 
Write 
RW, Enable 


L 
VO 
OL 
@ 
@ 
VO 7 
4 11L 
& 
e ‘ 
8 
Aa 
* 6L 
@ Left 
Row 
® Decoder 
° Driver 
AL 


Advanced 
Micro 
Devices 


m@ Automatic power-down feature 
= All inputs and outputs are TTL-compatible 
@ 48-pin DIP or 52-pin LCC/PLCC 
m Single +5V power supply 
m@ Advanced CMOS technology 
Write 
Enable e RW 
a2 4a =" 
O CE, 
OE R 
1. 
& 
V/O mR 
A+4R 
# 
@ 
e 
A7R 
Agr 
Right ® 
Row . 
Decoder 
Driver @ 
AOR 
11690-001A 


Publication# 11690 
Issue Date: March 1989 


Rev. A Amendment 


4-111 


GENERAL DESCRIPTION 


The AM99C134 is an extremely high-speed 4K X 8 
Dual-Port static RAM designed to be used in systems 
where on-chip hardware arbitration is not needed. This 
part is suitable for those systems which are to be able to 
externally arbitrate when both ports simultaneously 
access the same dual-port RAM location. 


The AM99C134 has two independent ports called Left 
and Right port. Each port consists of an 8-bit bidirec- 
tional data bus and a 12-bit address input and neces- 
sary control signals. 


LOGIC SYMBOL 


The AM99C 134 also has two chip enable signals corre- 
sponding to the left and right ports. Before any trans- 
action on a port takes place, the corresponding chip 
enable input must be activated. If a chip enable signal 
is not active, the circuitry corresponding to its side 
automatically powers down and enters standby mode. 


The AM99C134 is packaged in 48-pin DIPs or 52-pin 
chip carriers. All inputs and outputs are TTL-compat- 
ible and the device requires a single +5-volt power 
supply while operating, but will hold the data when the 
power supply level is maintained as low as 2V. 


11690-002A 
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CONNECTION DIAGRAM 


Agr 

VO7R 
VOer 
VO sR 
VO4r 
VO 3r 
VO2rR 
VOiR 
VOor 


11690-003A 
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PLCC PIN CONNECTION 


VO7R 


11690-004A 


ere 
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PIN DESRCRIPTION 
Ay. < Aun 
Left Port Address (Inputs) 


These twelve (12) inputs constitute the memory ad- 
dress for the left port. A, is the least significant bit 
position and A,, is the most significant position. A HIGH 
level on any of these inputs represents a logic 1 at that 
position and low represents a logic 0. The sequence of 
events and related timing for the address inputs during 
read and write operations will be discussed in later 
sections of this data sheet. 


As, = Ain 
Right Port Address (Inputs) 


These twelve (12) inputs constitute the memory ad- 
dress for the right port. A, is the least significant bit 
position and A, , is the most significant position. A HIGH 
level on any of these inputs represents a logic 1 at that 
position and low represents a logic 0. The sequence of 
events and related timing for the address inputs during 
read and write operations will be discussed in later 
sections of this data sheet. 


CE, 
Left Port Chip Enable (input) 


This input must be LOW before any transaction from 
the left port and remain LOW for the duration of the 
transaction. When this input goes HIGH, left port logic 
circuits enter standby power mode and remain in this 
mode as long as this input remains HIGH. 


CE, 
Right Port Chip Enable (input) 


Operation of this input is identical to CE, except that the 
CE, input controls the right port. 


GND 
Veo Ground. 


vO,, -VO,, 


Left Port Input/Output Bus (Input/Output; Three 
State) 


These eight lines constitute the data bus for the left port. 
If a read operation is performed using the left port, data 
from the location addressed by the left port address will 
be available on these lines. Similarly, to perform a write 
operation using the left port, data to be written into the 
memory must be presented on these lines. The drivers 
on the chip to drive these lines are enabled only when 
the CE, is LOW, OE, is LOW and RW, is HIGH. 


Am99C134 


VO,,- VO. 


Right Port Input/Output Bus (Input/Output; Three 
State) 


These eight lines constitute the data bus for the right 
port. If a read operation is performed using the right 
port, data from the location addressed by the right port 
address will be available on these lines. Similarly, to 
perform a write operation using the left port, data to be 
written into the memory must be presented on these 
lines. The drivers on the chip to drive these lines are 
enabled only when the CE, is LOW, OE, is LOW and 
R/W, is HIGH. 

OE 


L 
Output Enable Left I/O Port (input) 


When this input is HIGH, the left port I/O bus lines are in 
high impedance state. If this input is LOW and CE, is 
LOW and RW, is HIGH, the left port drivers are en- 
abled and data from the location addressed by the 
A, —A,,, inputs will be available on the I/O bus lines of 
the left port. 

OE 


R 
Output Enable Right I/O Port (Input) 


When this input is HIGH, the right port I/O bus lines are 
in high impedance state. If this input is LOW and CE, is 
LOW and RW, is HIGH, the right port drivers are 
enabled and data from the location addressed by the 
Aca - Aiip inputs will be available on the I/O bus lines of 
the right port. 


RW, 
Left Port Read/Write Enable (Input) 


This input is used to specify the left port function to be 
performed. HIGH indicates a read and LOW indicates a 
write function. 


When the CE, is LOW and the OE, is LOW and the 
R/W, is HIGH, data from the location addressed by the 
Ax - = _ will be available on the 1/O,, - I/O,, lines. 


When a CE, is LOW and the R/W, goes LOW, data 
present on the I/O,, - I/O,, lines will be written into the 
location addressed | by the 1 Ao. A;, inputs. It should be 
noted that the write operation is not effected by the OE, 
input. However, it is recommended that the OE, input 
be held HIGH during a write operation. 
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R/W, 
Right Port Read/Write Enable (Input) 


This input is used to specify the right port function to be 
performed. HIGH indicates a read and LOW indicates a 
write function. 


When the CE, is LOW and the OE, is LOW and the 
R/W, is HIGH, "data from the location addressed by the 
A, > A will be available on the 1/O,, - I/O,, lines. 


When the CE, is LOW and the R/W, goes LOW, data 
present on the I/O,, - I/0_, ee will be written into the 
location addressed by the A., - A,,, inputs. It should be 
noted that the write operation is not effected CE inpu OE, 
input. However, it is recommended that the OE input 
be held HIGH during a write operation. 

V 


cc 
+5-Volt Power Supply. 
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OPERATING RANGES 

Commercial (C) Devices 
Temperature (T,) 0 to 70°C 
Supply Voltage (V,.) +4.5 to +5.5V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


Am99C134 


ct 


Am99C1341/Am99C1441 paves 
4096x8 Dual-Port Static Random-Access Memories Devices 


DISTINCTIVE CHARACTERISTICS 


True dual port operation 

Access time as fast as 35 ns 

Master device (Am99C1341) has on-chip arbitration 
Expandable data bus width in multiples of 8 bits using 
one master (Am99C1341) and required number of slave 
devices (Am99C 1441) 


@ Automatic power-down feature 

@ All inputs and outputs are TTL-compatible 
@ 52-pin PLCC 

@ Single +5-volt power supply 

@ Advanced C-MOS technology 

@ 2 V Data retention capability 


GENERAL DESCRIPTION 


The Am99C1341 and the Am99C1441 are members of the 
4K x8 dual-port static RAM family. The Am99C1341 is 
designated as the master and the Am99C1441 as the slave 
device. The master provides the necessary control signal to 
the slave devices to facilitate implementing a wider data 
bus in a system. The master/siave concept allows expan- 
sion with minimal external logic. 


Both devices have two independent ports called Left and 
Right port. Each port consists of an 8-bit bidirectional data 
bus and a 12-bit address input bus and necessary control 
signals. 


The Am99C1341 has an on-board arbiter to resolve con- 
tention between the left and right ports. When contention 
between ports occurs, one port is given priority while the 
other port receives a busy indication. 


The Am99C1341 also contains on-chip facilities for sup- 
porting semaphores. Addresses (FFE) and (FFF)}y serve 


BLOCK 


AL 


as interrupt generators. If any data is written at the address 
(FFF)y from the left port, an interrupt signal becomes 
active for the right port. The interrupt signal is deactivated 
by reading from the right port at the same address. The 
address (FFE) Is used in a similar fashion by the right port 
to activate the interrupt signal for the left port. 


The Am99C1341/Am99C1441 also have two chip enable 
signals corresponding to the left and right ports. Before any 
transaction on a port takes place, the corresponding chip 


enable input must be activated. If a chip enable signal is not - 


active, the circuitry corresponding to its side automatically 
powers down and enters standby mode. 


The Am99C1341/Am99C1441 are packaged in 52-pin 
plastic leaded chip carrier. All inputs and outputs are TTL- 
compatible and the devices require a single + 5-volt power 
supply while operating, but will hold the data when the 
power supply level is maintained as low as 2 V. 


DIAGRAM 


Alin 


BUSY,” 


INTa 


; BD008420 


- Notes: 1. Am99C1341 (Master): BUSY is open-drain output and requires pull-up resistor. 


Am99C1441 (Slave): BUSY is an input. 


Rev. Amendment 


12075 A /0 
Issue Date: March 1989 
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CONNECTION DIAGRAMS 
Top View 


AiR 


CD011910 


Note: Pin 1 is marked for orientation. 


LOGIC SYMBOL 


R/W, 8, OF, 


110g = 1/07, 


1/0 on - 1/079 


LS002232 


Voc = +5-V Power Supply 
Vss = Ground 
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ee 
cr 
Am99C10 Advanced 


Micro 

256 x 48 Content Addressable Memory Devices 
DISTINCTIVE CHARACTERISTICS 
@ 256 word x 48-bit Content Addressable @ User programmable word width of 16 bit or 48 

Memory (CAM) bit 

— Optimized for Address Decoding in Local Area 

Networks (LAN) and bridging applications ®@ Flexible operation and diagnostics capability 

™ Each CAM word has a 48-bit register and through user programmable control logic 

48-bit maskable comparator 

~ Maskable-bits and maskable-words = TTL-compatible inputs and outputs 
= 48-bit input word compared against ali 256 — Available in a 28-pin 400 mil CERDIP, (300 mil 


words in the CAM in a single (100ns) cycle plastic DIP and 32-pin PLCC under 


= Single and multiple match detection with fast development). 


on-chip priority address encoder 
ue y @ Low power CMOS technology 


— Single cycle reset on all 256 words of the CAM — 715mW max. operating power 
Array — 55mW max. standby 


BLOCK DIAGRAM 


D,s—Do 


ie 
4 
Comparand 
Register 


Command 
Register 
CAM Word 0 


oe 48-bit Reg 
Register 
Compare 
with Mask 


8 FULL 

— 35 

D/C Zz ee 8% 
W ae CAMWord 255' | g 
a a i os a : 22 

G S 2¢ S 1es 
£ Q i'on2 & 8 
BO ry 


Register Register 


16—bit I/O Bus 


08125-001A 


Publication # 08125 Rev. D Amendment /0 


Issue Date: February 1989 
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GENERAL DESCRIPTION 


The Am99C 10 is a high performance Content Address- 
able Memory (CAM) with a capacity of 256 words and a 
user-programmable word width of 16 bits or 48 bits. The 
Am99C10 is ideal for use in high speed Ethernet and 
FDDI local area network applications where it can func- 
tion as an address filter and perform the network ad- 
dress look-up function. It can also find use in Database 
Machines, File Servers, Image Processing, Neural Net- 
works and many other applications. 


The Am99C10 CAM is composed of 256 words, each 
consisting of a 48-bit comparator and a 48-bit register. 
A block diagram of the Am99C 10 is shown below. When 
data (the comparand) is presented to the CAM array, a 
simultaneous compare operation is performed between 
the comparand and all data (256 words) inthe CAM ina 
single cycle. When the comparand and a word in the 
CAM are matched, the on-chip priority encoder gener- 
ates a match word address identifying the location of the 


data in the CAM. If multiple matches occur, the encoder 
generates the lowest matched address. Any or all bits of 
the comparand value can be selectively masked. The 
masked bits do not participate in the compare decisions, 
allowing comparison on a portion of the data word. 


The Am99C10 is user programmable. The user can 
read and write to any location inthe CAM Array and to all 
of the Am99C10 internal registers. Each word in the 
CAM array can be loaded with data or set to the empty 
state so that it does not participate in match operations. 
All words in the CAM Array can be set to empty ina sin- 
gle cycle. 


The Am99C10 is manufactured with state-of-the-art 
CMOS processing technology. It is assembled in a 28 
pin, 400 mil CERDIP; a 300 mil plastic DIP and a 32 pin 
PLCC are under development, and require a single 5-V 
power supply. 
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CONNECTION DIAGRAM 


Voc = Power Supply 


Vss = Ground 
08125-004A 


LOGIC SYMBOL 


08125-002A 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number 
(Valid Combination) is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM99C10 —10 D Cc B 


‘ee e. OPTIONAL PROCESSING 


Blank = Standard Processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C = Commercial (0 to 70°C) 


c. PACKAGE TYPE 
D = 28-Pin Ceramic DIP (400mil) 
J = 32-Pin Plastic Leaded Chip Carrier* 
R = 28-Pin Plastic DIP (300mil) 


b. SPEED OPTION 
—10 = 100 ns 


a. DEVICE NUMBER/DESCRIPTION 
256 x 48 CMOS CAM 


Valid Combinations 


AM99C10 


* Under development 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly re- 
leased combinations, and to obtain additional 
data on AMD’s standard military grade products. 
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PIN DESCRIPTION 


D/C 
Data/Command mode selection, Input, TTL 


A LOW on this input selects the command mode. A 
HIGH on this input selects the data mode. 


W 
Write enable, Input, TTL 


This pin controls the writing of the internal registers and 
the CAM Array. New data may be written into a register 
or memory by forcing the appropriate state of D/C and 
E , and by switching W LOW and back HIGH. 


G 

Output Enable, input, TTL 

This pin controls reading of the internal registers. ALOW 
on both the E and G inputs gates the selected register 
onto the data bus and turns on the output drivers. 


E 
Chip Enable, Input, TTL 


A LOW on this input enables the chip operations as 
specified by the state of D/C , W, G inputs and the Com- 
mand Register. A high on this pin powers down the chip. 
This signal must be low during all operations including 
match. 


Di5-0 

Data Bus, 16-bit, Bidirectional, Three-state 

DO is the least significant bit position and D5 is the most 
significant bit position. A HIGH on the Data Bus specifies 


logic 1 and a LOW specifies logic 0. The Data Bus is not 
driven by the device when W is LOW, when G is HIGH 
or when chip enable E is HIGH. 


FULL 
Address Full, Output, TTL 


A LOW on this output indicates that all the words in the 
256 address locations in CAM Array are full. AHIGH on 
this output indicates that one or more words in the CAM 
Array are still available or that the FULL output is dis- 
abled. The FULL output is in the HIGH state when E is 
HIGH and is valid otherwise. 


MTCH 
Match, Output, TTL 


A LOW on this output indicates that the masked data of 
the Comparand Register and one or more words in the 
CAM Array are matched. A HIGH on this output indi- 
cates that a mismatch has taken place or that the match 
output is disabled. The match output is inthe HIGH state 
when E is HIGH and is valid otherwise. 


Vec 
Power Supply Pin, Input, +5 Voits 


Vss 
Ground Supply Pin, Input, 0 Volts 


Am99C10 
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FUNCTIONAL DESCRIPTION 


The CAM ARRAY is a bank of 256 CAM words, each a 
combination of a 48 bit wide logic comparator and a 48 
bit register, as shown in Figure 1. The CAM Array com- 
pares a 48 bit input data word against allof its 256 words 
simultaneously for logic equality in one cycle. If any of 
the CAM Array 256 words find an exact match with the 
incoming bit pattern, the CAM Array raises a Match flag 
and outputs the 8 bit address of the matching word. 


CAM Word 
48-bit Register 
48—bit Comparato 
A=B with Mask 


Mask Bus - 48 bits 


Comparand Bus -48 bits 


When a Match cycle is initiated, every CAM word com- 
pares each bit in its register against the appropriate bit 
of the incoming 48 bit pattern. Additionally, a logic “1” 
(HIGH level) set in any Mask Register bit will disable that 
bit position in the CAM Array. A match is declared if all 
enabled CAM cells find an exact comparison with the in- 
put data. The CAM Array word that finds a match acti- 
vates an internal signal called the Match Line (ML). 
There are 256 match lines: MLO-ML255. 


08125-013A 


Figure 1. CAM Word Block Diagram 
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CAM Bit K 


Mask Bus - Bit K 


Compaerand Bus - Bit K 


Match Line: ML(N 


+5 


ML(N) 
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Figure 2. CAM Bit Block Diagram 


Each CAM word consists of 48 CAM data bits. Each 
CAM data bit consists of a register bit latch, an exclu- 
sive-NOR comparator, an OR gate for masking, and a 
transistor for performing a 48-bit wire-AND across the 
48 data bits, as shown in Figure 2. The logic comparator 
exClusive-Nors the contents of the register bit with the 
corresponding bit of the Comparand Register. A match 
between the two bits result in a HIGH level at the output 
of the exclusive-Nor gate (XNOR1). The output of 
XNOR‘1 is further gated (Nor function) with a bit of the 
Mask Register. A HIGH level on either one of the inputs 
to NOR1 forces its output LOW, indicating a match. The 
ML signal will stay HIGH (indicating a match for that 
CAM word) if all 48 CAM cells of this word have their T1 
transistors shut off by their NOR1 gates. If any one of the 
48 NOR1outputs is HIGH, the ML line will be forced 
LOW, indicating a mismatch. 


The Priority Encoder identifies the address of the CAM 
word that found a match. All 256 comparators of the 
CAM Array receive the same bit pattern for matching at 
the same time, and more than one of them can find a 
match with the masked data. All 256 ML lines are pre- 
sented to the Priority Encoder block that decides which 
comparator of the ones that activate their MLs has the 
lowest address. If at least one ML is active the Priority 
Encoder will activate the MTCH line and at the same 
time will set the MTC bit in the Status Register. The Pri- 
ority Encoder will transfer the 8 bit address of the lowest 
matching CAM Array word to the Status Register. 


Each of the 256 words of the CAM Array has two addi- 
tional bits of memory associated with it — A Skip bit and 
an Empty bit. These are shown in the CAM Word Block 
Diagram. The actual size of the CAM is therefore 256 X 
50 (48+2). Both the Skip and the Empty bits can disable 
a match for their word. The Skip bit can be used in situ- 
ations where there are multiple matches — it gives the 
user the ability to detect additional words that were 
matched other than the one with the lowest address. 
The Empty bit indicates available or empty addresses in 
the CAM into which data can be written. 


The Empty bit is also used by the Priority Encoder. The 
Priority Encoder identifies the lowest address of an 
Empty CAM Array word if no match occurred in any of 
the 256 words. If a match operation did not result in a 
positive match (the MTCH signal is HIGH) and if the 
CAM Array is not full (the FULL signal is HIGH) the Pri- 
ority Encoder will generate the lowest empty address. 
The 8 bit empty address is accessed by reading the 
Status Register. 


CAM Registers - Reading and Writing 


The Am99C10 has 5 programmable registers involved 
in data transfers. The Command and Status registers 
are 16 bits wide, and the Comparand, Mask and CAM 
registers are 48 bits wide. Figure 3. is a model of the 
Am99C10 registers and their interaction with each other 
and the CAM Array. Table 1 lists the registers and their 
respective data sources and destinations. 


Am99C10 
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CAM Array 
Data 
Words 


256 x 48 


Comparand Register . < Mask Register 


Command Register 


Address 


Status Register 


Data Bus 
D1s—Do 


08125-015A 


Figure 3. CAM Register Transfer Model 


Table 1. Am99C10 Registers 


Register | Type /Size | Direction | Data Source Destination 
ein ee Be Be ee ee 
Se 


D—Bus, 
Comparand Register Comparand Register 


Tomo fw | oe 
Tae | oma 
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Data Bus Transfers 


All data is transferred to and from the CAM over the 
16-bit bidirectional Data Bus. Data transfer is controlled 
by a combination of 4 control signals (E , D/C, W, and 
G), as described in the Pin Description section. 


Data is written into the Am99C10 by placing the data on 
the Data Bus and activating W and E . When D/T is low 
(Command Write cycle), the input data is loaded into the 


Command Register. When D/C is high (Data Write cy- 
cle), the input data is loaded into the Comparand Regis- 
ter. 


Data is read from the Am99C 10 (output drivers enabled) 
when G and E are low and Wis high. When D/T is low 
(Status Read cycle) the Status register is gated onto the 
Data Bus. When D/C is high (Data Read cycle) one of 
the data registers is gated onto the Data Bus. This regis- 
ter is selected by the contents of the Command register. 
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Prior to reading, a command is loaded into the Com- 
mand Register to select which of the internal registers is 
to be read. 


Data can be read from any register by loading the appro- 
priate command into the Command register; however, 
data can be written only to the Comparand register. 
Data to be written to the Mask register or to the CAM ar- 
ray must first be written into the Comparand register and 
transferred to the Mask register or CAM array word by 
writing the appropriate transfer command to the Com- 
mand register. 


48—bit Data Transfers 


Data is transferred to and from the Am99C10 in 16-bit 
words. Data for the 16-bit Command and Status regis- 
ters are transferred in one read or write cycle. Data for 
the 48-bit Comparand, Mask and CAM registers are 
transferred to and from the chip in three cycles. Data 
transfer to and from each 48-bit register is done by divid- 
ing each register into three 16-bit segments. A two-bit 
counter, the Segment Counter is used to select which 
segment of a 48-bit register is to be loaded or read. 


The Segment Counter is a two-bit binary counter that 
counts from 0 to 2 (modulo-three). It can be preset by 
writing a command code of “B”, “C” or “D” to the Com- 
mand register. In allthree commands bits 10 and 11 (SO, 
$1) define the binary value (0,1 or 2) to be preset into the 
counter. Note that a value of 3 (S1,S0 = 11) inthese bits 
will result in a value of 0 in the counter. The counter is 
also reset to 0 by the Initialize command, command 
code “0”. 


The Segment Counter is incremented after each data 
read or write cycle if the CAM is in the 48-bit mode. This 
allows a 48-bit register to be loaded or read in three suc- 
cessive cycles. The counter is clocked by the LOW-to- 
HIGH transition of W incase of a Data Write cycle and 
by the LOW-to-HIGH transition of G in case of a Data 
Read cycle. 


When the Am99C 10 is set to 48-bit mode, the user will 
normally execute 3 Data Write cycles or 3 Data Read cy- 
cles in sequence to transfer a 48 bit data word. At the 
end of such sequence the state of the Segment Counter 
is equal to its initial state before the data transfer began. 
This allows continuous 48-bit transfers without having to 
preset the Segment Counter between words. This is 
useful inthe CAM’s normal operating mode of checking 
a stream of 48-bit words for a match. 


Note that reading a 16-bit State word requires only one 
cycle. If the CAM is in the 48-bit mode, this data read op- 
eration will increment the Segment Counter. Any subse- 
quent cycles that use the Segment Counter have to take 
this into account. 


16-bit Mode Data Transfers 


in 16 bit mode the Segment Counter is not incremented 
and it points to one of the three segments of the Com- 


parand, Mask and CAM Registers. Writing and reading 
the selected segment of those registers is achieved in 
one cycle. However, internal transfers between the reg- 
isters and the CAM Array as well as the Match operation 
are done on ail 48 bits. 


CAM Array-Reading and Writing 


To write a word into the CAM Array, the data is first 
loaded into the Comparand register and then trans- 
ferred from the Comparand register to the register in the 
selected CAM word by executing a transfer command. 
The transfer command is executed by writing a com- 
mand word (command code = 6 or E) into the Command 
register. The transfer command contains the address of 
the CAM word to be written. 


To read a word from the CAM Array, data is transferred 
from the CAM array to either the Comparand or CAM 
registers by writing the appropriate command (com- 
mand code = 7 or D, respectively) into the Command 
register. The transfer command contains the address of 
the CAM word to be read. The CAM Array word is then 
read from the register selected by the command. 


Writing into the Skip or Empty bit ina CAM word is done 
directly by writing the appropriate command code (com- 
mand code = 9 or A, respectively) into the Command 
register. The command word contains the value of the 
Skip or Empty bit to be written and the address of the 
CAM word containing the bit. 


The same command codes (9 or A) which are used to 
set a specific Skip or Empty bit can also be used to set all 
Skip or Empty bits in the CAM array. If bit 110f these 
command words is a one, the address portion of the 
command is ignored and the value of the Skip or Empty 
bit is written into all words of the CAM array. This is use- 
ful in clearing all Skip and Empty bits. 


The Skip and Empty bits of a CAM word are also cleared 
to zero when data is written into the CAM using com- 
mand code E. This allows writing a new word of data into 
an empty CAM word without requiring an extra cycle to 
clear the Skip and Empty bits. 


The Skip and Empty bits of all CAM words can be preset 
to the empty state by writing an Initialize command 
(command code = 0) to the Command register. Initialize 
clears all Skip bits to zero and sets all Empty bits to one, 
corresponding to an empty CAM condition. 


To read the Skip and Empty bits of a word from the CAM 
Array, the State Memory is selected as the source of 
data driving the Data Bus by writing the appropriate 
command (command code = 5) into the Command reg- 
ister. That command contains the address of the CAM 
word whose state is to be read. The State word (i.e., the 
Skip and Empty bits of the CAM Array word) are then 
read directly. Reading the State word requires only one 
Data Read cycle. 
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Match Operations 


Comparison of data in the Comparand against the 256 
words of data in the CAM array is called a match opera- 
tion. The result of a match operation is a match address 
which appears inthe Status register and the activation of 
the M1CH and FULL flags. Match operations require 
one cycle (100 ns) for valid flags and two cycles (200 ns) 
before status read operations can be started. 


Amatch operation can be initiated by writing acommand 
into the Command register or by writing data into the 
Comparand register. A match operation begins after a 
single data write to the Comparand Register in 16-bit 
mode or after three data write cycles to the Comparand 
Register in 48-bit mode. Note that the E line must be 
kept low for the match time, ture (200 ns) after the write 
to allow the match to occur. 


Ifa match occurs, the MTC bit is set in the Status register 
and the MTCH pin is activated if it has been enabled. 
The address of the word that matched appears in the 
lower 8 bits of the Status register. If more than one 
match occurs, the MUL flag is set in the status register, 
indicating a multiple match. In this case, the match ad- 
dress is that of the match word with the lowest numerical 
address. If no match occurs, the MTC bit and MTCH flag 
are not set, and the address is that of the first empty 
word, i.e. the empty word with the lowest address. 


MTC is the same flag as MTCH. The match flag MTC 
and multiple match flag MUL cannot be disabled by the 
Command Write. These flags respond each time new 
data is written into the Comparand Register. 


in 48-bit mode, the match output MTCH is disabled and 
held HIGH until the Segment Counter reaches zero, (S1 
= L and SO =L) even if the match output has been en- 
abled by the Command Write operation. In the 16-bit 
mode, the Segment Counter state does not affect the 
match output MTCH. 


The match flag access time is measured from a low-to- 
high transition of W to high-to-low transition of MTCH 
flag. 


Match and Full Flags 


The Am99C10 has two output signals that indicate its 
status - Full, FULL and Match, MTCH. 


The Full signal, FULL , indicates whether the CAM Array 
is full or not. A low level on FULL indicates that all 256 
words of the CAM Array are full. A high on this output in- 
dicates that one or more words in the CAM Array are still 
available or that the FULL output is disabled. The FULL 
output can be disabled ( = HIGH) under program control 
or when the chip is disabled (Chip Enable E is high). 


The Match signal, MTCH, indicates whether a match 
has been detected, i.e. that the masked data of the Com- 
parand Register and one or more words in the CAM Ar- 
ray are matched. A high on this output indicates that a 
mismatch has taken place or that the match output is 
disabled. The MTCH output can be disabled ( = HIGH) 
under program control or when the chip is disabled (Chip 
Enable E is high). 


Status Register Format 


The Status register shows the results of match opera- 
tions and the contents of the Segment Counter. The 
State Register is read onto the Data Bus by executing a 
Status Read cycle. Since it takes time to encode a match 
address (tupe), the Status Read cannot immediately fol- 
low a Command Write cycle or a Data Write cycle if a 
valid match address is sought. A time delay of (tupe) af- 
ter the last command or data write before reading the 
Status register will guarantee proper address encoding. 
A Status Read operation does not affect the state of the 
flags or other register contents. 


The Status Register has 3 fields - the Address field (Ao - 
A7), the Segment Counter State (SO - S1) and the Flags 
field (MTC, MUL and FUL), as shown in Figure 4. 


MTC 

ALOW on MIC (D)5) indicates that at least one word in 
the CAM Array and the masked data of the Comparand 
Register are matched. A HIGH indicates that no word in 
the CAM Array founda match. The MTC flag is the same 
as the match output signal MTCH axcort the MTC flag 
cannot be disabled. 


MUL 
ALOWon MUL (Da) indicates that two or more words in 
the CAM Array match the masked data of the Com- 
parand Register. It is activated during a Match operation 
and latched by an internal clock at the end of the Match 
cycle. 


FUL 

ALOW onFUL (Di3) indicates that the CAM Array is full. 
The FUL flag is the same as the full output signal FULL 
except the FUL flag cannot be disabled. It is activated 
during a Match operation and latched by an internal 
Clock at the end of the Match cycle. 


$1, SO 

The Segment Counter bits (SO - S1) are driven by the 
two flip-flops that comprise the Segment Counter. 
These two bits (Dio and D;;) reflect the current state of 
the Segment Counter. 


15 14 13 12 11 10 9 S _7 
Soe SE Se oe ee eee. eee 


Figure 4: Status Word Bit Assignment 
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Ar-Ao 

Lowest address of the matched word in the CAM when 
data inthe Comparand Register and the data inthe CAM 
are matched (MTCH =L, MTC =L and FULL = don't 
care). Lowest address of empty 48-bit word in the CAM 
when data is mismatched and the CAM is not full (FULL 
= H). Address is undefined when data is mismatched 
and CAM is full. 


Command Register Format 


The Am99C10 can execute a variety of commands. 
Each command is executed by writing the appropriate 
command word to the Command register. All com- 
mands are executed during the write pulse appliedto the 
the write clock, W. The format of the Command Register 
is shown in Figure 5, and a summary of the commands is 
shown in Table 2. 


15 12 11 10 9 8 7 0 
F3-FO Po ee ee A7-Ao 
08125-018A 
F3-FO: A 4 bit Instruction Code which defines one of sixteen commands. 
SO - $1: Modifier bits for the various commands. 
Ao - Ay An Address field which selects one of the 256 CAM Array data or State words. 


Figure 5: Command Register Bit Assignment 


Table 2. 99C10 Command Summary 


jopcote] ——___overmion =| st | so | aay | Stan mat 
eS Le 
a 
[2] omparnaeg => wanchog | x |x | x | San 
say Sl Fe Ne a a a NT a 
| 6 | ComparandReg.->CAMAray =| -X_| =X | CAMData | Stat _ 
[emery commeatig [x [x [canons [sat 
Tew ee a a a ee 


Skip Control Per Word — CAM asd Start 
All Words Skip a 
Empty control Per Word Empty sis State a 
All Words Empty tart 


Comparand Reg. --> Data Bus Segment ee 
Cc Mask Reg. --> Data Bus Segment Counter pera 
eee CAM Array --> CAM Reg. --> Data Bus Segment Counter} CAM Data a 


oo Comparand Reg. -->CAM Array, clear S +E CAM Data 
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Am99C10 COMMAND DESCRIPTIONS 


Op Code 0 
Initialization 


7 6 5 4 o. 2 1 0 


SS Pe ls fo, ow 


All Skip-bits are set to “O” (LOW level) meaning—don't 
skip, and all Empty-bits are set to “1” (HIGH level) mean- 
ing-empty. This is equivalent to resetting the CAM Array. 
The MTCH andFULL outputs are enabled. The mode is 


Op Code 1 
Flag Output Control 


9 


08125-019A 
set to 48-bit mode. The Mask Register and Segment 


Counter are reset to zero. Subsequent data writes and 
reads are to and from the Comparand Register. 


7 6 5 4 3 a 1 0 


15 14 13 12 11 10 
le Se Es 2A ee ee ee ee ee 


This command controls the enable and disable of the 
FULL and MTCH status output pins. The SO and S1 
fields of this command are latched into the control logic. 
Once loaded, they control the status output pins FULL 
and MTCH as follows: When SO is 0, the FULL output 
is disabled and remains unconditionally HIGH. When SO 


08125-020A 


is 1, the FULL output is enabled and may be asserted 
when E is low. When S11 is 0, the MTCH output is dis- 
abled and remains unconditionally high. When Stis 1, 
the MTCH output is enabled and may be asserted if E is 
low. 


15 14 2 
Ses See See So een eee ee een 


This command sets the 99C10 into the 16-bit or 48-bit 
mode. The S1 bit in the command is loaded into the 
16/48-bit mode control register. The 16-bit mode is en- 
abled when $1 is 0, and the 48-bit mode is enabled 


Op Code 3 
Move Comparand Register to Mask Register 


11 10 9 


08125-021A 


when S1 is 1. The Am99C 10 will remain in the mode se- 
lected until another Command Write is executed with Op 
Code “0” or “2”. 


15 14 13 12 
po es ee 


The 48-bit contents of the Comparand Register is 
loaded into the Mask Register. The Segment Counter is 
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not affected. A Match cycle will begin automatically fol- 
lowing this command. 
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Op Code 4 
Move Mask Register to Comparand Register 


15 14 13 12 11 10 g 8 7 6 5 4 3 2 1 0 
2 ee SS ee Se eee eee 
08125-023A 
The 48-bit contents of the Mask Register is loaded into changed. A Match cycle will begin automatically follow- 
the Comparand Register. The Segment Counter is not ing this command. 
Op Code 5 
Enable Output from State Memory to Data Bus 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 ) 
Se ©: Ss Se oo By es Sees ee A7-Ag 
08125-024A 


This command selects a State word inthe CAM Array as of the bus are driven LOW. The Segment Counter is not 
the source of data to be read. The Skip-bit and Empty-bit changed. 
appear on bits D;4 and Dis of the Data Bus, all other bits 


Op Code 6 
Move Comparand Register to CAM Array 


15 11 10 9 8 7 6 ) 4 3 2 1 0 


14 13 12 
El See ees Se ee ee Se) | eee 


The 48-bit contents of the Comparand Register are writ- changed. The CAM Array address is specified by the 
ten into the CAM Array data word. The 16/48 bit mode Command Register address field. The Segment 
select setting does not affect this instruction. The Counter is not changed. A Match cycle will begin auto- 
Empty-bit and Skip-bit in the State Memory are not matically following this command. 


Op Code 7 
Move CAM Array to Comparand Register 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
eG ed ey Nera A 
08125-026A 
The 48-bit contents of the CAM Array data word speci- State Memory is not changed. The 16/48 bit mode select 


fied by the address field are loaded into the Comparand setting does not affect this instruction. A Match cycle will 
Register. The Segment Counter is not changed. The begin automatically following this command. 


15 1“ 4 10 43 a 7 6 se 6 oe ee 
1 


Ege 22 te Cae oe ee ee ee een 


08125-027A 


oe 
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Op Code 9 
Skip-bit Control 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
Ct eo ee a ee 
: 08125-028A 


When bit 11 in the Command Register is LOW, SO is A Match cycle will begin automatically following this 
loaded into the Skip-bit within the State word location command. 
specified by the Command Register address field. 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
2S OI AS eee Ee ee eer. eee ee 
08125-029A 


When bit 11 in the Command Register is HIGH, SO is Counter is not changed. A Match cycle will begin auto- 
loaded into all skip-bit memory locations. The Segment matically following this command. 


Op Code A 
Empty-bit Control 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
Pel ets Pete is |) mel 
08125-030A 


When bit 11 in the Command Register is LOW, SO is Match cycle will begin automatically following this com- 
loaded into the Empty-bit within the State word location mand. 
specified by the Command Register address field. A 


15 14 13 12 11 10 g 8 7 6 5 4 3 2 1 a) 
Ho. oi oe ed EB Se Se a eee eee 
08125-031A 
When bit 11 in the Command Register is HIGH, SO is ment Counter is not changed. A Match cycle will begin 
loaded into all Empty-bit memory locations. The Seg- automatically following this command 
Op Code B 
Enable Output from Comparand Register to Data Bus 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
Be | ee a Be a Ne 
08125-032A 


This command selects the Comparand Register as the Subsequent Data Read operations result in data flowing 
source of data to be read. The SO and S1 data in the fromthe Comparand Register segment specified by the 
Command Register are clocked into the Segment Segment Counter to the Data Bus. In 48 bit mode each 
Counter at the end of this Command Write cycle. When Data Read cycle will automatically increment the 
SO and S1 are 11, the Segment Counter is reset to zero. modulo-three Segment Counter. 
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Op Code C 
Enable Output from Mask Register to Data Bus 


15 9 


8 7 6 5 4 3 2 1 0 


14 13 12 11 10 
kek Sees So Sees ee 


This command selects the Mask Register as the source 
of data to be read. The SO and S1 data in the Command 
Register are clocked into the Segment Counter at the 
end of this Command Write cycle. When SO and S1 are 
11, the Segment Counter is reset to zero. Subsequent 


Op Code D 


08125-033A 


Data Read operations result in data flowing from the 
Mask Register segment specified by the Segment 
Counter to the Data Bus. In 48 bit mode each Data Read 
cycle will automatically increment the modulo-three 
Segment Counter. 


Move CAM to CAM Register, Enable Output from CAM Register to Data Bus 


7 6 5 4 3 2 1 0 


15 14 13 12 11 10 9 8 
fo es Se a ee SC Se Se ee | eS 


This command selects the CAM Register as the source 
of data to be read. The SO and S1 data in the Command 
Register are moved to the Segment Counter. When SO 
and S1 are 11, the Segment Counter is reset to zero. 
The CAM Array word specified by the address field is 
transferred to the CAM Register. Subsequent Data 


Op Code E 


Read operations result in data flowing from the CAM 
Register segment specified by the Segment Counter to 
the Data Bus. In 48 bit mode each Data Read cycle auto- 
matically increments the modulo-three Segment 
Counter. 


Move Comparand Register to CAM (Set Empty-bit and Skip-bit LOW) 


11 10 9 


8 


15 14 13 12 7 6 5 4 3 2 1 0 
Petits be. wet ee 


The 48-bit contents of the Comparand Register is writ- 
ten into the CAM Array data word specified by the ad- 
dress field. The 16/48 bit mode select setting does not 
affect this instruction. Both the Empty-bit and the Skip- 
bit in the State Memory address specified by the Com- 


Op Code F 
Reserved 


15 14 13 12 11 10 9 


08125-035A 


mand Register address field are set cleared to zero (Not 
Empty and Don't Skip). The Segment Counter is not 
changed. A Match cycle will begin automatically follow- 
ing this command. 


08125-036A 
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Typical Command Sequences 
The following are examples of some common sequences of commands. 


Power-up Initialization 

After power-up, the CAM must be initialized. This is up in the 48-bit mode. Another command is needed if 
done by executing the Initialize command. All the CAM the16-bit mode is desired. 

words are reset to the empty state, and the device is set 


For 48-bit mode: 

Command Write 0000 = Initialize (16/48 mode is set automatically to 48 bit mode) 
For 16-bit mode: 

Command Write 0000 = Initialize (16/48 mode is set automatically to 48 bit mode) 
Command Write 2000 = Mode Select (S1=0, Set mode to 16 bit) 


Loading CAM Array with Data 


After initialization, the CAM must be loaded with data in ister and writing a command with an op code of E, which 
order to be used. Since all locations are initialized to the will transfer the data to a specified CAM word and clear 
empty state, the CAM can be loaded starting from ad- the Skip and Empty bits of that word. 

dress zero. This is done by loading the Comparand reg- 


Filling the CAM in the 48-bit mode is normally done using the following command sequence: 
Data Write (Dis -- Do --> Comparand Register (15-0)) 
Data Write (Dis -- Do -->Comparand Register (31-16)) 
Data Write (Dis -- Do -->Comparand Register (47-32)) 
Command Write EOXX = Comparand Register -->CAM Array + Clear S+E 
(Repeat for every CAM Array word to be loaded.) 


Filling the CAM in the 16-bit mode is done using the following command sequence: 
Command Write BX00 = Comparand Register -->Data Bus (Load Segment Counter) 
Data Write (Dis -- Do -->Comparand Register) (segment selected by counter) 
Command Write EOXX = Comparand Register -->CAM Array + Clear S+E (all 48 bits are written). 


Repeat the last two steps for every CAM Array word to be loaded. 
Repeat all three steps when a different 16 bit segment is to be loaded. 


Load Mask Register 


The mask register is loaded by writing the data into the transfer the data from the Comparand get to the 
Comparand Register and then writing a command to Mask register. 


Data Write (Dis -- Do -->Comparand Register (15-0)) 

Data Write (Dis -- Do -->Comparand Register (31-16)) 

Data Write (D;5-- Do -->Comparand Register (47-32)) 
Command Write 3000 = Comparand Register -->Mask Register 
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48 bit Compare for Match (48-bit Mode) 


To perform a match operation on new data, the data to Status register. Note that no special command is re- 
be tested is written into the Comparand register, time is quired to start the match: it begins after the last word is 
allowed for the match operation to be performed, and loaded into the Comparand register. 

then the match flag and match address are read from the 


Data Write (Dis -- Do -->Comparand Register (15-0)) 

Data Write (D15-- Do -->Comparand Register (31-16)) 

Data Write (Dis -- Do -->Comparand Register (47-32)) 

Wait one cycle (allow time for Match operation - 2 cycles if Status read) 

Check MTCH output pin, or Status Read, check bits 15, 14 and 13 (MTC, MUL, FUL) 


Check for Multiple Matches 


Typical match operations yield a single match. Some successively reading the current lowest address, setting 
applications, however may yield multiple matches. In its Skip bit, and reading the next lowest address, etc.., 
this case, the addresses of each match may be read by until no matches are left. 


Status Read, bit 15 (MTC) = 0, bit 14 (MUL) =0 
Status bits 7-0 contain the address of the lowest word in the CAM that found a match. 
Read and save the match address, use it to form the next command 


Command Write 94XX = Skip Control - F(9), set bit 11(S1) = 0, set bit 10 (SO) = 1(Skip), 
Set the Skip bit: Command bits 7-0 to the lowest matching word address. 


Wait two cycles for the next Match operation to complete and the Status register to settle 
Status Read 
Check MTC for match, save the address if MTC =0 
Status bits 7-0 contain the address of the lowest word in the CAM that found a match. 
Read and save the match address, use it to form the next command 


Repeat the last three steps until there are no more matches 


Finding and Loading an Empty Location 


A CAM word may be empty since initialization or it can data is not already stored in the CAM, the match opera- 
be declared empty by setting its Empty bit. Data is added tion will respond with the address of the lowest empty 
to the CAM by finding an empty location and writing into word. (if a match was found, a copy of the data already 
it. This is done by loading the data to be written into the exists in the CAM.) The address of the empty word is 
Comparand register and checking for a match. If the used to write the new data into the empty word. 


Data Write (Ds -- Do -->Comparand Register (15-0)) 

Data Write (Dis -- Do -->Comparand Register (31-16)) 

Data Write (Dis -- Do -->Comparand Register (47-32)) 

Wait two cycles (allow time for Match operation and priority encode) 

Status Read, check bits 15 (MTC) should be 1, and 13 (FUL) should be 1, 
Bits 0-7 contain the address of the lowest empty word in the CAM. 

Command Write EOXX = Comparand Register -->CAM Array + Flags, 
Bits 0-7 should have the address of the empty word from the Status Read. 
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Reading Data 
To read the contents of a word in the CAM Array 


Command Write DOXX = CAM Array -->CAM Register -->Data Bus, 
Bits 0-7 indicate the address of the word to be read. 

Data Read - (CAM Register (15-0) -->D45- Do) 

Data Read - (CAM Register (31-16) -->D15 - Do) 

Data Read - (CAM Register (47-32) -->D15 - Do) 


Example of a Command Sequence 


Table 3 shows the control signals, data bus contents pattern is then loaded into the Comparand Register, a 
and Segment Counter contents for a typical command match is executed and the sequence terminates with the 
sequence. The sequence consists of initialization, filling reading of the Status Register. 

the CAM Array, and loading the Mask Register. A data 


Table 3. Command Sequence Example 


Data Segment 
Bus _ Counter _ 


Cycle Type Instruction E DCW G (Hex) Before After Operation 
Command Write Initialize L E © MM GAA. xX 00 Set default conditions 
Data Write — L H.C -H- S2t0 . 06 01 Ds—Do —> Comparand Reg (15-0) 
Data Write —— L 4:0. 7654 01 10 Dys—Do —> Comparand Reg (31-16) 
Data Write — 5 H ©... BASS . 10 00 Djs—-Do —> Comparand Reg (47-32) 
Command Write Comparand Reg. —> CAM L i o -M 8000: oD 00 “BA9876543210” into CAM word 0 

' ; ' , 

' ! ' t t 

' ! . ’ 1 
Data Write oa L H.C H 1744. 00 01 Dis—Do —> Comparand Reg (15-0) 
Data Write — L H.C 6 oaee Ol 10 Dis—Do —> Comparand Reg (31-16) 
Data Write — L H C HH 4444. 410 00 Dis-Do —> Comparand Reg (47-32) 
Command Write Comparand Reg. —> CAM L LL GH  8O0FFr 06 00 "444422221111" into CAM word 255 
Data Write — L Ho... UR OOF FE. OO 01 Dj s—Do —> Comparand Reg (15-0) 
Data Write — L mn OG. OF 0000 01 10 D;s—Do —> Comparand Reg (31-16) 
Data Write a L HO 6H CR EOO. U8 00 D,s-Do —> Comparand Reg (47-32) 
Command Write Comparand Reg. —> Mask Reg. L L © 4H 3000 - 60 00 "FFOOOQOOOOFF” into Mask Register 
Data Write a L "4 © Mm  FES4 CO 01 D;s—-Do —> Comparand Reg (15-0) 
Data Write a L H CG H “BASS 01 10 Ds—Do —> Comparand Reg (31-16) 
Data Write a L H.C. H -FeOoc 00 Dis—Do —> Comparand Reg (47-32) 
Wait (Match) -— L X HM HH KRAXKX 00 00 Compare "XXDCBA9876XX" against CAM 
Wait (Encode) aa L X H H XXXX 00 Encode match address —> Status reg 
Status Read oo L L HC. Steam 00 00 Check Flags 
L =LOW 
H = HIGH 


C = LOW going pulse 08125-037A 
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CAM Applications 


Content Addressable Memory (CAM) devices have many applications to be developed which were not prac- 
many potential applications. The availability of high den- tical in the past because of lack of CAM devices. Some 
sity CAM devices such as the Am99C010 will allow of these application areas are: 


Local Area Network (LAN) bridge address filtering 
Local Area Network (LAN) ring message insertion and removal 


Data base machine support - Search and sort accelerators 

Pattern recognition - String search engines, etc. 

Image processing and machine vision - Pattern recognition, Image registration, etc. 
Neural net simulation 

Al language support - (LISP, etc.) garbage collection support, PROLOG accelerators, etc. 


Local Area Network Bridge Address 

Filtering 

Bridges between high speed Local Area Networks 100MBit/second FDDI network and an Ethernet net- 
(LAN) provide a good example of CAM use. A LAN work. A block diagram of such a network system is 
bridge provides transparent communication between shown in Figure 6, and a block diagram of the bridge is 
two networks. An example is a bridge between a shown in Figure 7. 


10 MHz 100 Kz 10 MHz 
Ethernet FDDI Ethernet 
Loop 


Workstation 157E CPU 2 Workstation 562C 
Workstation 231A Workstation 44D5 


Workstation 34E5 Workstation 13EB 


08125-038A 


Figure 6: FDDI-Ethernet Network System 
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The function of the FDDI-Ethernet bridge is to pass mes- 
sages between the two networks in order to allow the 
various workstations to communicate. Messages are 
sent according to unique 48-bit addresses assigned to 
each workstation. Each message contains the source 
address and the destination address. The notations 
shown in the workstation boxes in Figure 6 are assumed 
to be examples of these addresses: e.g. 157E, 231A, 
etc.. F 


Let us assume that workstation 562C sends a message 
to workstation 231A. In order for this to occur, the first 
FDDI-Ethernet bridge must pass along the address to 
the FDDI loop. The second bridge must recognize that 
the message is for one of the workstations on its Ether- 
net LAN and pass it along to workstation 231A. 


10 MHz Ethernet 
Ethernet Node 
Bus Controller 


Pass Message 
to Ethernet 


The problem for the FDDI-Ethernet bridge is to recog- 
nize-in time-that the message is for a station on its 
Ethernet LAN and no other. There could be 4000 work- 
stations on the Ethernet LAN. This means that the 
bridge must check the message destination address 
against 4000 addresses in order to determine whether 
to accept the message and pass it on to the Ethernet. 


Address identification must be done quickly. The mes- 
sage acceptance decision must be made before the arri- 
val of the next message, i.e. within the minimum mes- 
sage time. If the minimum message length is 9 bytes on 
a 100 mbit/sec FDDI network, the decision must be 
made in 720 ns, including 480 ns to acquire the address. 
The Am99C10 can do the job in 480+100=580 ns. At 
these speeds, the Am99C 10 is not only effective, it is the 
only practical, cost effective approach. 


100 MHz 
FDDI Out 


100 MHz 
FDDI In 


CAM 
Address 
Filter 


Address Match 
(Msg for this net) 


Message 
Accept 
Logic 

08125-039A 


Figure 7: FDDI-Ethernet Bridge Block Diagram 


4-138 


Am99C10 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65 to +150°C Commercial (C) Devices 
Voltage on Any Pin with Respect Case Temperature (Tc) 0 to + 85°C 
to GND -0.5to+7.0V Supply Voltage (Vcc) +4.75 to +5.25 V 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device reli- 
ability. 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS are valid over the operating range unless otherwise specified. 
All values are guaranteed maximum type limits. 


Parameter Parameter Test 

Symbol Description Conditions Min. Max. Unit 

lou Output High current Von = 2.4 V, Vec=4.5 V —1.6 mA 

lon Output Low Current Vo. = 0.4 V +2.4 mA 

Vin Input High Voltage 2.2 Vec + .5 V 

Vit Input LOW Voltage (Note 3) —0.5 0.8 V 

lix Input Leakage Current Vss <Vin < Vec 2.0 pA 

loz Output Leakage Current Vss <Vout < Vcc 2.0 LA 

E >Vin or G_>Vin 

lees Static Operating E >Vir 70 mA 
Supply Current 

loca Dynamic Operating Cycle = 48-bit Data Write 110 mA 
Supply Current, 48-bit mode E>Vu, f = 1Awc 

Ices Dynamic Operating Cycle = 16-bit Data Write 130 mA 
Current, 16-bit mode E >Vi, f = 1/twc 

Isp Standby Current E >Vin 10 mA 
TTL Input Levels Voc = Max 

Isp2 Standby Current E >(Vcc-0.2V); Vins 0.2V or 10 mA 
CMOS Input Levels Vin 2(Vec - 0.2) 
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AC CHARACTERISTICS 


Parameter Parameter 
Symbol Description Min. Max. Unit Note 


Common Parameters 


—_ 


pcs D/C, E setup before read or write 0 ns 
DCH D/C, E hold time after read or write 5 ns 


—_ 


Read Cycle Parameters 


trac Read cycle time 100 ns 

trp Read cycle pulse width 45 8 
tar Read recovery time 25 ns 

toiz Output enable time to low Z 10 ns 48 
tonz Output disable time to high Z 5 30 ns 4,6 
tRA Read access time 65 ns 

tFA Flag enable time 30 ns 4 
tFH Flag disable time 30 ns 4 


Write Cycle Parameters 


twe Write cycle time 100 ns 

twp Write pulse width Fac 8 
twr Write recovery time 25 ns 7 
tos Data setup time before write 0 ns 

tDH Data hold time after write 5 ns 

tMAF Match time to flags after write 100 ns rs 
tMPE Match priority encode time after write 200 ns 7 
tMa Match access time to Status after write tupe + tra 

Notes: 


—" 


. Absolute maximum ratings are intended for user guidelines and are not tested. 

. Ambient temperature is defined as the instant-on case temperature. 

. Undershoot to —3.0 V for 10 ns maximum between the 50 amplitude points is permissible. 
. Parameter guaranteed by design and characterization data but not 100 tested. 


. Testconditions assume signal transition times of 5 ns or less, timing reference levels of 1.5 V, input pulse levels of 0 to 3.0 V and 
output loading of the specified lov/lon and 30 pF load capacitance (see test load A in switching test circuits) unless otherwise 
noted. Output timing reference is 1.5 V. 


. Test load B. Disable time is measured as the time to a +500 mV change from prior output level. 


on & W PY 


o>] 


7. E must be low and W must be high for twar during the match cycle following command or data write for the internal circuitry to 
generate the match. 


8.W andG may not overlap: i.e., may not both be low at the same time (while E is low). 

CAPACITANCE* 

Parameter Parameter Test 

Symbol Description Conditions Min. Max. Unit 
Cl Input Capacitance F = 1 MHz, Vn=0V 10 pF 

Ci/O Input/Output Capacitance F = 1 MHz, Vio=0V 10 pF 

Notes: 


1. These parameters are guaranteed by characterization but not tested. Measurements performed at Ta = +25°C. 
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Data Transfer Control Signals 


OPERATION MODE rac tain ile SUPPLY CURRENT 
es BUS 
Ce [oe 


seats 
a eee ee eee ee 
Soe eee ee i ee 
oo ee ee ee ee ee 
soos ee or ee Se ee Se 
co ee eee Soe ee ee Se 
So ee er a ee eee 
el ee 


08125-003A 


mi 


cases 
oa 


pate 8 ad 
x |X 


x< 
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SWITCHING WAVEFORMS 


Key To Switching Waveforms 


4-142 


WAVEFORM INPUTS 


Must be 
steady 


May change 
from H TOL 


May change 
from L to H 


Don’t care, 
any change 
permitted 


Does not 
apply 
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OUTPUTS 


Will be 
steady 


Will be 
changing 
from HtoL 


Will be 
changing 
from LtoH 


Changing, 
state 
unknown 


Center line 
is high 
impedance 
“off” state 


KS0000 10 


Read Timing Diagram 


E \ aj , (aie © 
. se 
- Ge Se eee : 
a 


toLz tOHZ 
08125-008A 


Write Timing Diagram 


twc 
[kes oe | 
DIC Rt 
W come 


tps 


tMAF 


yes Previous Flags CCCCRC EERO Valid 


08125-009A 
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Match Timing Diagram (Reference) 


Data Write | Data Write 16-31 Data Write 32-47 Match Status Read 
0-15 Match Address 


MICH ees Se ES VALID 
; ep 
08125—O010A 
SWITCHING TEST CIRCUITS 
Voc Voc 
1.5K 1.5K 
Data Out Data Out 

750 30 pF 750 5 pF 

08125—011A 08125-012A 
Test Load A Test Load B : 
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Am27C43 


32,768-Bit (4096 x 8) High-Performance CMOS PROM 


DISTINCTIVE CHARACTERISTICS 
— High-speed (35 ns)/ Low-power (90 mA) CMOS 
EPROM Technology 


™ Direct plug-in replacement for Bipolar PROMs 
— JEDEC approved pin-out 


= Slim 300-mil DIP 


GENERAL DESCRIPTION 
The Am27C43 (4,096 words by 8 bits) is a high-speed 
CMOS programmable Read-only memory (PROM). 


This device has three-state outputs compatible with low- 
power Schottky bus standards capable of satisfying the 
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requirements of a variety of microprogrammable con- 
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vice utilizes proven floating gate EPROM technology to 
ensure high reliability, ease of programming and excep- 
tionally high programming yields. 
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PRODUCT SELECTOR GUIDE 


Operating Range COM’L/MIL COM’LU/MIL 


OPERATING RANGES 


Commercial (C) Devices 


Ambient Temperature (Ta) 0 to +75°C 

Supply Voltage (Vcc) +4.5 to +5.5 V 
Military (M) Devices” 

Case Temperature (Tc) —55 to +125°C 

Supply Voltage (Vcc) +4.5 to +5.5 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


* Military product 100% tested at Te = +25°C, +125°C and 
-55 °C. 
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Am27C45 


16,384-Bit (2048 x 8) High-Performance CMOS REGISTERED PROM 


DISTINCTIVE CHARACTERISTICS 


@ High-speed (20 ns) setup time (10 ns) 
clock-to-output/Low-Power (90 mA) CMOS 
EPROM TEchnology 


= Direct plug-in replacement for Bipolar PROMs 


= Slim 300-mil DIP & 28 pin square LCC 
packaging available 


GENERAL DESCRIPTION 


The Am27C45 (2048 words by 8 bits) is a high perform- 
ance CMOS Programmable Read-Only Memory 
(PROM), incorporating D-type master-slave data regis- 
ters on chip. This device has three-state outputs com- 
patible with low-power Schottky bus standards capable 
of satisfying the requirements of a variety of micro- 
programmable controls and state machines. 


This device contains an 8-bit parallel data register in the 
array-to-output path which allows PROM data to be 
stored while other data is being addressed. This meets 
the requirements for pipelined microprogrammable con- 
trol stores where instruction execute and instruction 
fetch are performed in parallel. 


the right to change or discontinue work on this proposed product without notice. 


This document contains information on a product under development at Advanced Micro 
Devices, Inc. The information is intended to help you to evaluate this product. AMD reserves 


Advanced 
Micro 
Devices 


m@ 5-Volt +10% power supplies for both 


Commercial and Military 


m@ UV-erasable and reprogrammable provides 


exceptionally high programming yields 
(Typ. > 99.9) 


@ ESD immunity > 2000 V 


This device contains a single pin initialize function capa- 
ble of loading any arbitrary microinstruction for system 
interrupt or initialization. 


To offer the system designer maximum flexibility, this 
device contains user-programmable architecture for 
output Enable & Initialize. The unprogrammed state of 
these pins operates as Asynchronous inputs (G) and (1) 
respectively. An architecture word permits the program- 
ming of the functionality of these pins to Synchronous 
Enable (G, ) and Synchronous Initialize (1). 


If the architecture has been programmed to Synchro- 
nous Enable (G,), upon power-up the outputs 


(DQ.—DQ;) will be in a floating or high impedance state. 
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PRODUCT SELECTOR GUIDE 


Part Number Am27C45-20 Am27C45-25 Am27C45-35 
Address Set-up Time 20 ns 25 ns 35 ns 
Clock-to-Output Delay 10 ns 12 ns 15 ns 
Operating Range COM’L COM'’L/MIL COM’L/MIL 
CONNECTION DIAGRAMS 
Top View 
CDV324/PD3024 
7 DEE nacmnmuminmeninaia Voc 
] lis 5 Se V/ Is 
G/ iV; 
Gg / Vpp - K 
11 14 SAG DQ, 


CLT028 
$eroexsSer 


Ag A10 


A10 I/Ig 
NC G /Gg/ Vpp 
Ao 1/Tsg K 
Ay G/Gs/Vpp NC 
Ao K DQ7 
NC NC 15 16 17 18° DQ6 
DQo DQ7 
se 15 9 2) 206 
nm sa we ca 11945-0024 
g2ggege 
Note: Pin 1 is marked for orientation. Note: Pin 1 is marked for orientation. 
LOGIC SYMBOL 
11945-003A 


Am27C45 5-7 


ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number 
(Valid Combination) is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM27C45 -20 D Cc B 


, ES e. OPTIONAL PROCESSING 


Blank = Standard Processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C = Commercial (0 to +75°C) 


c. PACKAGE TYPE 
P = 24-Pin 300 mil Plastic DIP (PD3024) 
D = 24-Pin 300 mil Ceramic DIP (CDV324) 
L = 28-Pin Square Ceramic Leadiess Chip 
Carrier (CLT028)* 
J = 28-Pin Square Plastic Leaded Chip 
Carrier (PL 028) ; 


b. SPEED OPTION 
—20 = 20 ns setup time/ 10 ns clock-to-input delay 
—20 = 20 ns setup time/ 10 ns clock-to-input delay 
—20 = 20 ns setup time/ 10 ns clock-to-input delay 


a. DEVICE NUMBER/DESCRIPTION 


Am95C75 
2048 x 8 High-Performance CMOS Registered PROM 


Valid Combinations 


AM27C45-20 PC, PCB, DC, 
AM27C45-25 DCB, LC, LCB, 
AM27C45-35 JC, JCB 


*Preliminary; Package in Development 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly re- 
leased combinations, and to obtain additional 
data on AMD’s standard military grade products. 
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ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating 
ranges. APL (Approved Products List) products are fully compliance with MIL-STD-883C requirements. 
The ordering number (Valid Combination) is formed by a combination of: 

a. Device Number 

b. Speed Option (if applicable) 


c. Device Class 
d. Package Type 
e. Lead Finish 
AM27C45 -25 /B L A 
oa e. LEAD FINISH 
A = Hot Solder Dip 


d. PACKAGE TYPE 


L = 24-Pin 300 mil Ceramic DIP (CDEO24) 

K = 24-Pin Ceramic Flatpack (CFM024)* 

3 = 28-Pin Ceramic Leadless Chip Carrier 
(CLT028)" 

U = 32-Pin Rectangular Ceramic Leadless 
Chip Carrier (CLV032) 


c. DEVICE CLASS 
/B = Class B 


b. SPEED OPTION 


—25 = 25 ns setup time/ 12 ns clock-to-input delay 
~—35 = 35 ns setup time/ 15 ns clock-to-input delay 


a. DEVICE NUMBER/DESCRIPTION 
Am27C45 
2048 X 8 High Performance CMOS Registered PROM 


Valid Combinations 


AM27C45-25 /BLA, /BKA, 
AM27C45-35 /B3A, /BUA 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly 
released combinations, and to obtain additional 
data on AMD's standard military grade products. 


Group A Tests 
Group A tests consist of Subgroups 
1, 2, 3, 7, 8; 9. 10,11. 
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PIN DESCRIPTION 
Ao-Aio 
Address Lines (inputs) 


The 11-bit field presented at the address inputs selects 
one of 2048 memory locations to be read from. 


K 
Clock (Input) 


The clock is used to load data into the parallel data regis- 
ters from the memory array. Data transfer occurs on the 
LOW-to-HIGH transition of K. 


DQ.-DQ; 
Data Port (Input/Outputs; Three State) 


The outputs whose state represents the data read from 
the selected memory locations. These outputs are 
three-state buffers which, when disabled, are in a float- 
ing or high-impedance state. These pins provide the 
data input for programming the memory array. 


i 
Asynchronous Initialize (Input) 


Control pin used to initialize the output data registers 
from a programmable word independent of K. This can 
be used to generate any arbitrary microinstruction for 
system interrupt or initialization. 


Is 

Synchronous Initialize (Input) 

Control pin used to initialize the output data registers 
from a programmable word in conjunction with K. This 


can be used to generate any arbitrary microinstruction 
for system interrupt or initialization. 


G/Vpp 

Asynchronous Output Enable/(Vpp) Pro- 
gramming Power (Input) 

Provides direct control of the DQ output three-state 
buffers. When raised to a voltage > 12.0 V, the G/Vpp 
pin provides the programming power to pro- 
gram the memory array. 


Gs 
Synchronous Output Enable (Input) 


Control the state of the DQ output three-state buffers in 
conjunction with K. This is useful where more than on 
registered PROM is bussed together for word-depth 
expansion. In this case, the enable becomes the most 
significant address bit and as such, must be synchro- 
nized with the data. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65 to +150°C Commercial (C) Devices 

Power Applied —55 to +125°C Supply Voltage (Vcc) +45 V1t0o+5.5V 
Supply Voltage —0.5 V to +7.0 V Military (M) Devices* 

DC Voltage Applied to Outputs Case Temperature (Tc) -55 to +125°C 

in High-Impedance State -0.5 V to +7.0 V Supply Voltage (Vcc) +4.5 to +5.5 V 
DC Programming Voltage (Ver) 14V Operating ranges define those limits between which the func- 
DC Input Voltage 0.5 V.to +7.0 V tionality of the device is guaranteed. 

Electrostatic Discharge Protection * Military product 100% tested at Te = +125°C, + 125°C, and 
(per MIL-STD-883 Method 3015.2) > 2000 V -55°C : 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 
(for APL Products, Group A, Subgroups 1, 2, 3 are tested unless otherwise noted) 


Parameter Parameter 

Symbol Descriptions Test Conditions Min. Max. Unit 

Vin Input HIGH Voltage Guaranteed Input HIGH Voltage 2.0 V 
(Note 1) 

Vir Input LOW Voltage Guaranteed Input LOW Voltage 0.8 V 
(Note 1) 

Vou Output HIGH Voltage Vcc = Min., los = -4.0 mA 2.4 V 
Vin = Vin or Vi 

Vor Output LOW Voltage Vcc = Min., lo = 16 mA 0.4 V 
Vin = Vin or Vit 

Ve Input Clamp Diode Voltage Vcc = Min., Ic. = -18.0 mA —1.2 V 

lin Input HIGH Current Vcc = Max., Vin=5.5 V 10 LA 

liv Input LOW Current Vcc = Max., Vin=0.0 V —10 LA 

Isc Output Short-Circuit Vcc = Max. —20 ~90 mA 

Current Vout = 0.0 V (Note 2) 
Icex Output Leakage Current Vcc = Max., Vout = 5.5 V 40 LA 
: VG/Gs=2.4V  Vout=0.0V —40 LA 
lec Operating Supply Vcc = Max. All Inputs = Vix 90 mA 
Current (Note 3) All Inputs = Vit 
Notes: 


1. Vy and Vi, are input conditions of output tests and are not themselves directly tested. V,. and V\, are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do Not attempt to test these values 
without suitable equipment and fixturing. 


2. Not more than one output should be shorted at atime. Duration of the short-circuit test should not exceed one second. 
3. Operating lcc is measured with all inputs except G/Gs switching between V,. and Vy, at a timing interval equal to TAVKH. 
The outputs are disabled via G/Gs held at 3.0V. 

Capacitance* 

Parameter Parameter 

Symbol Descriptions Test Conditions Typ. Unit 

Cin Input Capacitance (G/Ver) Vcc = 5.0 V, Ta = 25°C 9 
Input Capacitance 5 pF 
(All Others) 

Court Output Capacitance Vin/Vout = 2.0 V @f = 1 MHz 8 pF 


*These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
(for APL Products, Group A, Subgroups 9, 10, 11 are tested unless otherwise noted) 


Am27C45 
—20 —25 —35 
Parameter Parameter Parameter COM’L Only COM’LOnly COM’L Only 
Number Symbol Description Min. Max. Min. Max. Min. Max. Unit 

1 TAVKH Address Valid to K HIGH 20 25 35 ns 
Setup Time 

2 TKHAX Address Valid to K HIGH 0 0 0 ns 
Hold Time 

3 TKHDQV1 Delay from K HIGH to Output 10 12 15 ns 
Valid, for initially active 
outputs (HIGH or LOW) 

4 TKHKL Clock Pulse Width 15 15 20 ns 

TKLKH (HIGH or LOW) 

5 TGLDQV Asynchronous Output Enable 15 15 20 ns 
LOW to Output Valid 
(HIGH or LOW) (Notes 3 & 4) 

6 TGHDQZ Asynchronous Output Enable 15 15 20 ns 
HIGH to Output Hi-Z 
(Notes 2 & 4) 

7 TGSVKH G. Valid to K HIGH 12 12 15 ns 
Setup Time (Note 5) 

8 TKHGSX G..to K HIGH Hold Time 5 5 5 ns 
he 5) 

9 TKHDQV2 Delay from K HIGH to Output 15 15 20 ns 
Valid, for initially Hi-Z 
outputs (Notes 3 & 5) 

10 TKHDQZ Delay from K HIGH to Output 15 15 20 ns 
Hi-Z (Notes 2 & 5) 

11 TILDQV Delay from | LOW to Output 20 20 20 ns 
(HIGH or LOW) (Note 6) 

12 TIHKH Asynchronous | Recovery Time 15 15 20 ns 
(Note 6) 

13 TILIH Asynchronous | Pulse Width 15 15 20 ns 
= 6) 

14 TISVKH Valid to K HIGH Setup Time 15 20 30 ns 
thiete 7) 

15 TKHISX E to K HIGH Hold Time 5 5 § ns 
(Note 7) 


See also SWITCHING WAVEFORMS & SWITCHING TEST LOADS 


Notes: 


1. Tests are performed with input transition time of 5 ns or Jess, timing reference levels of 1.5 V, and input pulse levels of 0 to 
3.0 V using test load in diagram A. 


eee US UP 
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TGHDQZ and TKHDQZ are measured at steady-state HIGH output voltage minus 0.5 V and steady-state LOW output volt- 
age plus 0.5 V output levels using the test load in diagram B. 

TGLDQV & TKHDQV2 are measured at steady-state output voltage minus 0.5 V for Hi-Z to LOW and steady-state output 
voltage plus 0.5 V for Hi-Z to HIGH output levels using the test load in diagram A. 

Applies only when Asynchronous Enable (G) function is used. 

Applies only when Synchronous Enable G, function has been programmed. 

Applies only when Asynchronous Initialize (|, ) function is used. 

Applies only when Synchronous Initialize |, function has been programmed. 
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SWITCHING WAVEFORMS (Continued) 
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Timing Set 3. Operation using Asynchronous Initialize 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM 


SWITCHING TEST CIRCUITS 
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A. Output Load for all AC tests except TGHDQZ/TKHDQZ 
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B. Output Load for TGHDQZ/TKHDQZ 


Notes: 1. All device test loads should be located within 2” of device output pin. 
2. Load capacitance includes all stray and fixture capacitance. 
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PROGRAMMING the Am27C45 


The Am27C45 registered PROM is programmed 
according to the same programming algorithm used for 
the Am27C49 & Am27C191/291. This algorithm is 
modified to provide a clock at the beginning of the pro- 
gramming cycle to establish output data states & enable 
register state. A second clock occurs prior to verification 
to bring programmed data to the outputs. The Ver input 
is the enable (G/Gs) input. 


The Am27C45 has an additional 8-bit word which may 
be programmed to provide any arbitrary microinstruc- 
tion for system initialization. The unprogrammed state of 
this word will initialize the data registers with all outputs 
HIGH. 


This part uses the initialize (i/1s) pin as a select control 
between the array and the initialize/architecture word 
during programming. 


Initialize (I/is) HIGH enables the array for programming 
and disables the initialize/architecture word. Initialize 
(/ls) LOW enables the initialize/architecture word for 
programming and disables the array. 


An easy implementation for programming the initialize 
word would be to invert the next higher address input 
(An +1) from the PROM programmer and apply this 
signal to the initialize (i/Is) input. 


The array and initialize/architecture word could then be 
programmed over a continuous address field according 
to Table 1. 


The Am27C45 has a multifunctional output enable pin 
(G/Gs) and initialize pin (i/is). When these parts are 
shipped from the factory these pins function in an Asyn- 
chronous mode of operation (G) and (1). These pins 
may be programmed to a Synchronous mode of opera- 
tion (Gy and/or (I. ) by using the following procedure: 


To program the GiGs input for Synchronous Enable 
operation (G) the I/Is input must be set to a logic LOW, 
with address input Ao in a logic HIGH state. The remain- 
ing address inputs must be held at a logic LOW. A stan- 
dard programming cycle is performed with a data bit of 
“0” applied to output Qo. 


This is easily implemented on a PROM programmer by 
inverting the Ai: address, applying this signal to the 1//s 


input, and programming a FEie data pattern at address 
80116. 


The initialize input i/is may be programmed to a Syn- 
chronous Initialize (1) operation in precisely the same 
manner using a data bit of “O” applied to the Q: output. 
Using the programmer implementation described above 
this would require programming a FDie data pattern at 
address 80116. 


Unprogrammed cell on Qo = Asynchronous Enable (G) 
= FFie Output Data 


Programmed cell on Qo = Synchronous Enable (G) = 
FE16 Output Data 


Unprogrammed cell on Q: = Asynchronous Initialize (1) 


= FFie Output Data 


Programmed cell on Q: 
FDie Output Data 


= Synchronous Initialize (I,) = 


This two-bit architecture word will then program the 
functionality of the respective inputs according to 
Table 2. 


It should be noted that when programming the G/Gs 
and/or |/Is functionality, The operation of these pins is 
changing from an Asynchronous mode (G) and/or (I) 
input to a Synchronous mode (Gy and/or (I, ) input. This 
is a functional change rather than a data change to the 
part. Therefore, verification that the programming event 
has taken place must be performed in a different man- 
ner. The Am27C45 contains on-chip circuitry which 
when enabled will cause the state the G/Gsand 1//s cells 
to appear as data on Qo & Q: outputs: 


This verification circuitry is enabled by taking the Ao 
input to a VinH (13.0V to 14.0V) level. The Vinx input level 
should be used for read, programming, and verification 
cycles for the explicit address used for and data only 
(address 80116 in the above example). 


An alternative to using the on-chip verification circuitry 
would be for the programming equipment to use deci- 
sion making capability in conjunction with clock, enable 
and initialize to determine in which functional mode the 
enable or initialize is operating. 


Table 1. 
Ws Array Programming Initialize Word Architecture Word 
Device Pin Address Field (Hex) Address (Hex) Address (Hex) 
Am27C45 An 000 thru 7FF 800 801 
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Table 2. 


Architecture Data Word 


(Hex) Vis Input G/Gs Input 
FF Asynchronous Asynchronous 
FE Asynchronous Synchronous 
FD Synchronous Asynchronous 
FC Synchronous Synchronous 


Programming Technique 


Advanced Micro Devices’ Am27C45 high-performance 
CMOS registered PROM has been designed to use a 
programming algorithm which minimizes the require- 
ments on the programmer, yet allows the circuit to be 
programmed quickly and reliably. Specifically, the fol- 
lowing sequence of events must take place: 


1) Vcc power is applied to the device; 


2) The G/Gs/Vrr pin is raised to VIHP and the clock is 
cycled LOW-HIGH-LOW to disable the outputs; 


3) The appropriate address is selected; 


4) The appropriate byte-wide pattern is applied to all 
outputs; 


5) The G/Gs/Ver pin is pulsed to 13.5 V for 1 ms; 


6) The G/Gs/Ver pin is lowered to Vir and the clock is 
cycled LOW-HIGH-LOW to enable the outputs and 
the byte sensed to verify that correct programming 
has occurred. 


7) In the event that the data does not verify, the 
sequence of 4 through 6 could be repeated up to 25 
times; 

8) At the conclusion of initial programming, the 
sequence of 4 and 5 should be repeated for over- 
programming using a Vcc = 5.0 V, and G/Gs/Vpp 
pulse width equal to twice the sum of initial program- 
ming pulse times; 


9) The sequence of 2 through 6 must be repeated for 
each address to be programmed; | 

10) At the conclusion of programming, the device 

should be verified for correct data at all addresses 


with two Vcc supply voltages (Vcc = 6.0 and Vcc = 
4.2V). 


Notes on Programming 


1) The unprogrammed or erased state of all enabled 
outputs is HIGH. 


2) All delays between edges are specified from the 
completion of the first edge to the beginning of the 
second edge; i.e., not the midpoints (10 or 90 of 
specified waveform). 


3) During tv, the output may be switched to appropriate 
loads for proper verification of specified Vo. and Vou 
levels. 


4) Duetothe potential for fast voltage transitions of the 
outputs, it is advisable to provide low-impedance 
connections to the device’s Vcc and ground pins 
and to ensure adequate decoupling at the device 
pins. 


Erasure Characteristics 


In order to fully erase all memory locations, it is neces- 
sary to expose the memory array to qn ultraviolet light 
source having a wavelength of 2537A. The minimum 
recommended dose (UV intensity times exposure time) 
is 15 Wsec/cm*. For a UV lamp with a 12 mW/cm? power 
rating, the exposure time would be approximately 
30 minutes. The device should be located within 1 inch 
of the source in direct line. 


It should be noted that erasure may begin with exposure 
to light having wavelengths less than 4000A . To prevent 
exposure to sunlight or fluorescent lighting from result- 
ing in partial erasure, an opaque label should be affixed 
over the window after programming. 
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PROGRAMMING PARAMETERS 
(Ta = 25°C +6°C) 


Parameter 
Symbol Parameter Description Min. Max. Unit 
Vecp Power Supply during Programming Initial Programming 5.75 6.25 V 
Over-Programming 4.75 5.25 
lccp Vcc Supply Current during Programming 90 mA 
Vep Programming Voltage 13.0 14.0 V 
lpp Ver Supply Current during Programming 30 mA 
Vixp Input HIGH Level During Programming and Verify 2.4 55 V 
Vip Input LOW Level During Programming and Verify 0 0.45 V 
Vow Output LOW Voltage during Verify 0.45 V 
Vou Output HIGH Voltage during Verify 2.40 V 
dVpr/dt Rate of G/Ver Voltage Change (Rise and Fall Times) 5 10 V/us 
tppw Vee Programming Pulse Width, Initial Programming Pulse 0.95 1.05 ms 
tas Address Valid to Ver (HIGH) Setup Time 1.0 Ls 
taH Vere (LOW) to Address Change Hold Time 1.0 us 
tos Data Valid to Ver (HIGH) Setup Time 1.0 us 
tox Ver (LOW) to Data Change Hold Time 1.0 ys 
tov Delay from Data to Output Enable (LOW) for Verification 1.0 us 
tacs Address Valid to Clock (HIGH) Setup Time 100 us 
tcp Clock Pulse Width 50 1000 ns 
ty Delay from Output Enable (LOW) to Verification Strobe 100 ns 
PROGRAMMING WAVEFORMS 
ADDRESS i —— VIHP 
NEUTS 
Ao-Ai0 ces “Tepes Nl 
GiGs/v ol ar 8 : i 
INPUT : scone. MIP 
, omeammeeme maemo "a 
L) ty 8 
QUTPUTS VIP tutte] OATAINPUT VALID ee 
o-OQ7vip—— 6 VoL 
8 - tcp a 
K ket acs ' , AP 
: PROGRAMMING CYCLE ————_—_——»* 
11945-009A 
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PROGRAMMING FLOW 


BLANK CHECK ALL BYTES? 


NON-BLANK DEVICE 


PASS 


ADDRESS = FIRST LOCATION 


Set Voc= 6.0 V 


PROGRAM BYTE 
Single 1-ms Pulse 
K-2> YES 


NO 


INCREMENT X 


FAIL <> 
PASS 


PROGRAM BYTE 
Single 2—ms times X Pulse 


INCREMENT | NO LAST 
ADDRESS ADDRESS? 
YES 


VERIFY ALL BYTES? 
Voc = 4.2V &6.0V 


DEVICE 
FAILED 


YES 
DEVICE 
PASSED 11945-010A 
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Am27C49 


65,536-Bit (8192x8) High-Performance CMOS PROM 


ct 


Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 


@ High-speed (35 ns)/Low-Power (90 mA) CMOS 
EPROM Technology 

e Direct plug-in replacement for Bipolar PROMs — 
JEDEC-approved pinout 

e@ 5-Volt +10% power supplies for both Commer- 
cial and Military 


@ UV-erasable and reprogrammable provides 


exceptionally high programming yields 
(Typ. > 99.9%) 


e@ ESD immunity > 2000 V 


GENERAL DESCRIPTION 


The Am27C49 (8192 words by 8 bits) is a high-speed 
CMOS programmable read-only memory (PROM). 


This device has three-state outputs compatible with low- 
power Schottky bus standards capable of satisfying the 


requirements of a variety of microprogrammable controls. 
This device utilizes proven floating-gate EPROM technol- 
ogy to ensure high reliability, ease of programming, and 
exceptionally high programming yields. 


BLOCK DIAGRAM 
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256 x 256 
PROGRAMMABLE 
ARRAY 
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Publication # Rev. Amendment 
09890 B /0 
Issue Date: January 1989 


PRODUCT SELECTOR GUIDE 


Part Number Am27C49-35 Am27C49-45 Am27C49-55 


COM’L/MIL* COM'L/MIL* 


* Advance Information—Military Products Only. 


CONNECTION DIAGRAMS 


Top View 
DIPs ** 
A V . I Vee 
= cc he Cee a eet ne 
A 
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A A Se 
5 9 Ag 4 ee a 
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‘ ee DQ ee ee oe ee DQ, 
0 7 53 ee SEO NCRRAEAR BE acest: UGA 
DQ 
o 06 le fered aa 
DQ, DQs on fe AEE ED, DQ, 
0Q2 
GND 


09890A-2 
*NC = No Connection 
Note: Pin 1 is marked for orientation. 
** Also available in a 24-Pin ceramic windowed DIP. Pinout identical to DIPs. 
*** Also available in a 28-Pin ceramic windowed LCC. Pinout identical to LCC. 
LOGIC SYMBOL 
09890A-3 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed 
by a combination of: a. Device Number 


AM27C49 


T 


* Product version in Development, 
contact HPP Product Marketing. 


5-22 


b. Package Width Option 
c. Speed Option 

d. Package Type 

®. Temperature Range 
f. Optional Processing 


-35 L Cc B 
oe . OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 


e. TEMPERATURE RANGE 
C = Commercial (0 to +75°C) 


=~ 


d. PACKAGE TYPE 
P = 24-Pin Plastic DIP (PD 024) or (PD3024*) 
D = 24-Pin Ceramic DIP (CDV024) or (CDV324) 
J = 28-Pin Plastic Leaded Chip Carrier (PL 028*) 
L = 28-Pin Ceramic Leadiess Chip Carrier 
(CLV028*) 


SPEED OPTION 
—35 =35ns 
—45=45ns 
—55 =55ns 


? 


b. PACKAGE WIDTH OPTION 
Blank = 600 mil Wide DIP 
T = 300 mil Wide DIP 


a. DEVICE NUMBER/DESCRIPTION 
Am27C49 
8192 x 8 High-Performance CMOS PROM 


Valid Combinations 


Valid Combinations 


Valid Combinations list configurations planned to be supported in volume for 
this device. Consult the local AMD sales office to confirm availability of specific 
valid combinations, to check on newly released combinations, and to obtain 
additional data on AMD's standard military grade products. 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) for APL products 


is formed by a combination of: a. Device Number 
b. Speed Option 
c. Device Class 
d. Package Type 
e. Lead Finish 
AM27C49 


-45 /B L A 
e e. LEAD FINISH 

A =Hot Solder Dip 

d. PACKAGE TYPE 
J = 24-Pin Ceramic DIP (CDV024) 
K = 24-Pin Ceramic Flatpack (CFV024*) 
L = 24-Pin (300-Mil) Ceramic DIP (CDV324) 
3 = 28-Pin Cermic Leadless Chip Carrier (CLV028*) 

c. DEVICE CLASS 


/B= Class B 


b. SPEED OPTION 
—45=45ns 
-—55 = 55 ns 


a. DEVICE NUMBER/DESCRIPTION 


Am27C49 


8192 x 8 High-Performance CMOS PROM 


Valid Combinations 


AM27C48-45 | /BJA, /BLA, 
AM27C49-55 | /BKA, /B3A 


“Preliminary; Package in Development. 


MILITARY BURN-IN 


Valid Combinations 
Valid Combinations list configurations planned to be supported in volume for 
this device. Consult the local AMD sales office to confirm availability of specific 
valid combinations or to check on newly released valid combinations. 


Group A Tests 


Group A tests consist of Subgroups 1, 2, 3, 7, 8, 9, 10, 11. 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. Test conditions are selected at AMD's option. 
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PIN DESCRIPTION 


A,-A,, Address Lines (Inputs) G/V,, Output Enable/Programming Power 
The 13-bit field presented at the address inputs selects Provides direct control of the DQ output three-state 
one of 8192 memory locations to be read from. buffers. When raised to a voltage > 12.0 V, this pin 
provides the programming power to program the memory 
DQ,-DQ, Data Port (input/Outputs; Three State) array. 


The outputs whose state represents the data read from 
the selected memory locations. These outputs are three- 
state buffers which, when disabled, are in a floating or 
high-impedance state. These pins provide the data input 
for programming the memory array. 


Am27C49 


ABSOLUTE MAXIMUM RATINGS 


OPERATING RANGES 


Storage Temperature .............cccccsesseeeeecseseees —65 to +150°C Commercial (C) Devices 
Ambient Temperature with Power Applied ....-55 to +125°C Ambient Temperature (T,).......s:secscssssesseerecsees 0 to +75°C 
VN oc coi cesee co ckciccscsecassssecscsuscnace —0.5 Vto+7.0V SURETY VONOGG CY Fo ccciscscenssssscccsovsassocores +4.5 V to +5.5 V 
DC Voltage Applied to Outputs in 

High-impedance State ..............:ccesseeeeees —0.5 Vto+7.0V Military (M) Devices* 
DC Programming Voltage (V,) .....sssssscesssssseseecsesseeeesens 14V Case Temperature (T,,) .........ccccssssseerecsserse -55 to +125°C 
OICe HAI VOUS ooo ois scr csssecescedssvsecccesvccss -—0.5 Vto +7.0 V UREN VOTO (V0) conc cecccecacinscgapescnesen sos +4.5 to +5.5 V 
Electrostatic Discharge Protection 

(per MIL-STD-883 Method 3015.2) .................... > 2000 V Operating ranges define those limits between which the 


functionality of the device is guaranteed. 
Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


* Military Product 100% tested at T, = +25°C, +125°C, and 
—55°C. 


DC CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, Group A, Subgroups 1, 
2, 3 are tested unless otherwise noted) 


Parameter Parameter 
Symbol Description Test Conditions 
Vin input HIGH Voltage Guaranteed Input HIGH Voltage V 
(Note 1) 


Input LOW Voltage Guaranteed Input LOW Voltage V 


(Note 1) 
Vian Output HIGH Voltage Voc = Min., |, =—4.0 mA V 
Vin = Vin OF Vip 


Pr Output LOW Voltage Voc = Min., |, = 16 mA 
Vin = Vig OF Vu 


Input Clamp Voc = Min., |, =-18 mA 
Diode Voltage 
ee Input HIGH Current Voc = Max., V,, = 5.5 V 
oA Input LOW Current Voc = Max., V,, = 0.0 V 


Output Short-Circuit 
Current 


Vig = Max. 
Vour = 0.0 V (Note 2) 


ar ae ae 
ee Ba 


1. V, and V,, are input conditions of output tests and are not themselves directly tested. V, and V,, are absolute 
voltages with respect to device ground and include all overshoots due to system and/or tester noise. Do not 
attempt to test these values without suitable equipment. 


2. Notmorethanone output should be shorted at atime. Duration of the short-circuit test should not exceed one second. 


3. Operating |, is measured with all inputs except G switching between V, and V,, at a timing interval equal to TAVDQV. 
The outputs are disabled via G held at 3.0 V. 


Veco = Max. 
(Note 3) 


Notes: 
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Capacitance* 


Parameter Parameter 
Symbol ee ae Test Conditions 


Input Capacitance GM) Capacitance (G/V,,) 


. Veg = 5.0 V, T, = 25°C 
Input Capacitance (All Others) _ 


“These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
capacitance may be affected. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified (for APL Products, Group A, 
Subgroups 9, 10, 11 are tested unless otherwise noted") 
} 


Symbol Description = 


COM’L am | COMME L/MIL COM’ COMM 


Parameter 


TAVDQV Address Valid to Output 
Valid Access Time 
TGHDQZ Delay from Output Enable 
HIGH to Output High Impedance 
TGLDQV Delay from Output Enable LOW 
to Output Valid 


See Switching Test Circuits. 


Parameter 


Notes: 1. Tests are performed with input transition time of 5 ns or less, timing reference levels of 1.5 V, and input pulse 
levels of 0 to 3.0 V using test load in diagram A. 
2. TGHDQZ is measured at steady-state HIGH output voltage -0.5 V and steady-state LOW output voltage +0.5 V 
output levels using the test load in diagram B. 


* Subgroups 7 and 8 apply to functional tests. 


SWITCHING TEST CIRCUITS 
5.0V 5.0V 
2502 2502 
Output Output 
os 167 tT 1672 
A. Output Load for all AC tests B. Output Load for TGVDQZ 


except TGVDQZ 


09890A-4 


Notes: 1. All device test loads should be located within 2" of device output pin. 
2. Load capacitance includes all stray and fixture capacitance. 
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SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORMS 


MAY CHANGE 
FROML TOH 


KS000010 


ADDRESS 
Ag-A12 


2 ERK “ 


3) 


| 
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Am27C49 CMOS PROM PROGRAMMING 4) The appropriate byte-wide pattern is applied to all out- 


puts; 
PROCEDURE 5) The G/V,, pin is pulsed to 13.5 V for 1 ms; 


6) Thedevice is enabled andthe byte sensed to verify that 


Programming Technique correct programming has occurred. 

: 7) Inthe eventthatthe data does not verify, the sequence 
Advanced Micro Devices’ high-performance CMOS PROM of 4 through 6 could be repeated up to 25 times; 
circuits have been designed to use a programmng algorithm 8) Attheconclusion of initial programming, the sequence 
which minimizes the requirements on the programmer, yet of 4 and 5 should be repeated for overprogramming 
allows the circuit to be programmed quickly and reliably. using a V,. = 5.0 V, and G/V,. pulse width equal to 
Specifically, the following sequence of events must take twice the sum of initial programming pulse times; 
place: 9) Thesequenceof2through6 mustbe repeated for each 


address to be programmed; 


1) V., power is applied to the device; 10) At the conclusion of programming, the device should 
2) The device outputs are disabled; be verified for correct data at all addresses with two V,,. 
3) The appropriate address is selected; supply voltages (V,,. = 6.0 and V,, = 4.2 V). 


AE EEE CACC CEE CE LL EC LLL LL LL LLL LLL LLL LLL LLL LL LLL LLL LLL LLL ELL LL LOL LOLI LLL ELL LLL LLL LLL ELD, 
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Notes on Programming Erasure Characteristics 


1) The unprogrammed or erased state of all enabled _Inorder to fully erase all memory locations, it is necessary to 
outputs is HIGH. expose the memory array to an ultraviolet light source having 
2) All delays between edges are specified from the com- a wavelength of 2537 Angstroms. The minimum recom- 


pletion of the first edge to the beginning of the second mended dose (UV intensity times exposure time) is 
edge; i.e., not the midpoints (10% or 90% of specified 15 Wsec/cm?. For a UV lamp with a 12 mW/cm? power rating, 


waveform). the exposure time would be approximately 30 minutes. The 

3) During t,, the output may be switched to appropriate device should be located within 1 inch of the source in direct 
loads for proper verification of specified V,, and V,,, line. 
levels. 

4) Due to the potential for fast voltage transitions of the It should be noted that erasure may begin with exposure to 
outputs, it is advisable to provide low-impedance con- light having wavelengths less than 4000 Angstroms. To 
nections to the device’s V,. and ground pins and to prevent exposure to sunlight or flourescent lighting from 
ensure adequate decoupling at the device pins. resulting in partial erasure, an opaque label should be afixed 


over the window after programming. 
PROGRAMMING PARAMETERS (T, = 25°C +5°C) 


Parameter Parameter 
Symbol Description 
Initial Programming | ee 
Power Supply during Programming V 
Vp 14 V 


Programming Voltage a 
sia one 


Go V,. Supply Current during Programming 


Input HIGH Level during Programming and Verify 


Input LOW Level during Programming and Verify 

Output LOW Voltage during Verify 

Output HIGH Voltage during Verify 

Rate of G/V,,, Voltage Change (Rise and Fall Times) 

Initial Programming Pulse 


Address Valid to V,, (HIGH) Setup Time 


< 
ore 
v 

> 


. . ed 
° 


V,, (LOW) to Address Change Hold Time 


ee Data Valid to V,, (HIGH) Setup Time 


V,, (LOW) to Data Change Hold Time 


tt 


le 
oO 
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62-S 


PROGRAMMING WAVEFORMS 


——ViHP 
ADDRESS INPUTS 


AgAi2 


SELECTED ADDRESS VALID 


— Vou 
OUTPUTS 
DQ)-DQ, 
omens MEME. 
| 
OS8S0A-6 


BLANK CHECK ALL BYTES? 
Voc =4.0V 


FAll- NON-BLANK DEVICE 


PASS 


ADDRESS = FIRST LOCATION 


X=0 


Set Voc =6.0 V 


PROGRAM BYTE 
Single 1-ms Pulse 


<> YES 
O 
INCREMENT X 


FAIL 


PASS 


PROGRAM BYTE 
Single 2-ms times X 
Pulse 


INCREMENT ADDRESS N LAST ADDRESS? 
YES 


VERIFY ALL BYTES? 
Voc =42V&6.0V 


NO DEVICE FAILED 


09890-002B 


YES 
DEVICE PASSED 


Figure 1. Programming Flow 
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Advance Information cl 
Am27C 51 Advanced 


Micro 
131,072-Bit (16384 x 8) High-Performance CMOS PROM Devices 
DISTINCTIVE CHARACTERISTICS 
@ High-speed (45 ns)/Low-Power (90 mA) CMOS @ UV-erasable and reprogrammable provides 

EPROM Technology exceptionally high programming yields 
; : (Typ. > 99.9%) 
= Direct plug-in replacement for Bipolar PROMs 
— JEDEC-approved pinout @ ESD immunity > 2000 V 
@ 5-Volt +10 % power supplies for both Commercial 
and Military 
BLOCK DIAGRAM 
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Publication # 11344 Rev.A 
issue Date: January 1989 


This document contains information on a product under development at Advanced Micro Amendment /O 
Devices, Inc. The information is intended to help you to evaluate this product. AMD reserves 


the right to change or discontinue work ion this proposed product without notice. 
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GENERAL DESCRIPTION 


The Am27C51 (16,384 words by 8 bits) is a high- 
performance CMOS programmable read-only memory 
(PROM). 


This device has three-state outputs compatible with low- 
power Schottky bus standards capable of satisfying the 
requirements of a variety of microprogrammable con- 


PRODUCT SELECTOR GUIDE 


Am27051~45 Am27051-55 Am27051-65 
Operating Range COM'L COM’L/MIL COM’L/MIL 


trols. Word-depth expansion is facilitated by both active 
LOW (GS,,G , andG,) and active HIGH (CS,) output 
enables. This device utilizes proven floating-gate 
EPROM technology to ensure high reliability, ease of 
programming, and exceptionally high programming 
yields. 


5-32 Am27C51 


CONNECTION DIAGRAM 


DIPs 


GND 


11344—002A 


Note: The ceramic DIP (CDV028) is offered in a window package. 


LOGIC SYMBOL 


11344-003A 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number 
(Valid Combination) is formed by a combination of: a. Device Number 


b. Speed Option (if applicable) 
c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM27C51 —45 D Cc B 


Se e. OPTIONAL PROCESSING 


Blank — Standard Processing 
B — Burn-in 


d. TEMPERATURE RANGE 
C = Commercial (Tc = 0 to 75°C) 


c. PACKAGE TYPE 
P = 28-Pin Plastic DIP (PD 028") 
D = 28-Pin Ceramic DIP (CDV028) 


b. SPEED OPTION 
—45 = 45 ns 
—55 = 55 ns 


a. DEVICE NUMBER/DESCRIPTION “65 = 65 ns 
Am27C51 


16384 x 8 High-Performance CMOS PROM 


Valid Combinations 


AM27C51-—45 
AM27C51-—55 
AM27C51-65 


* Preliminary; Package in Development 


Valid Combinations 


Valid Combinations list configuratrions planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly re- 
leased combinations, and to obtain additional 
data on AMD's standard military grade products. 


PC, PCB, DC, 
DCB 


MILITARY BURN-IN 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through 
E. Test conditions are selected at AMD’s option. 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating 


ranges. APL (Approved Products List) products are fully compliant with MIL-STD-—883C requirements. The 


ordering number (Valid Combination) is formed by a combination of: a. Device Number 


AM27C51 —55 /B J A 


b. Speed Option (if applicable) 
c. Device Class 

d. Package Type 

e. Lead Finish 


Se e. LEAD FINISH 


a. DEVICE NUMBER/DESCRIPTION 
Am27C51 


16384 x 8 High-Performance CMOS PROM 


Valid Combinations 


AM27C51-55 
| AM27C51-65 —65 


MILITARY BURN-IN 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through 


E. Test conditions are selected at AMD’s option. 


Am27C51 


A = Hot Solder Dip 


d. PACKAGE TYPE 
X = 28-Pin Ceramic DIP (CDV028) 


c. DEVICE CLASS 
/B = Class B 


b. SPEED OPTION 


-—55 = 55 ns 
—§5 = 65 ns 


Valid Combinations 


Valid Combinations list configuratrions planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations or to check for newly 
released valid combinations. 


Group A Tests 


Group A tests consist of Subgroups 
1, 2, 3, 7, ©, 9, 10, 11. 
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PIN DESCRIPTION 
A, eee A,; 
Address Lines (Inputs) 


The 14-bit field presented at the address inputs selects 
one of 16384 memory locations to be read from. 


DQ, ss DQ, 
Data Port (Input/Outputs; Three State) 


The outputs whose state represents the data read from 
the selected memory locations. These outputs are 
three-state buffers which, when disabled, are in a float- 
ing or high-impedance state. These pins provide the 
data input for programming the memory array. 


CS,* G,- CS; G, 

Output Enables/(Vpr) Programming Power 
Provides direct control of the DQ output three-state buff- 
ers. When raised to a voltage > 12.0 V, the G, / Vpp pin 
provides the programming power to program the mem- 
ory array. 


Enable = CS, G2 eCSs3e Gs 
Disable= CS:1 ¢e Ge eCSs3e Ga 


= CS, + Go+ CS; - G, 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —65 to +150°C Commercial (C) Devices 

Ambient Temperature Ambient Temperature (T,) 0 to +75°C 
with Power Applied —55 to +125°C Supply Voltage (Vcc) . +4.5 to +5.5V 
Supply Voltage —0.5 Vto +7.0 V = 

DC Voltage Applied to Outputs Military (M) Devices" 

in High-Impedance State —0.5 V to +7.0 V Case Temperature (T<) —55 to +125°C 
DC Programming Voltage (Vpp) 14V Supply Voltage (Vcc) . +4.510 +5.5V 
DC Input Voltage —0.5 V to +7.0 V oe 
Electrostatic Discharge Protection oe eae ee peblien petwecn winion the fine, 
(per MIL-STD-883 od 

Method 3015.2) > 2000 V * Military Products 100% tested at Tc = +25°C, +125 °C, 


Stresses above those listed under ABSOLUTE MAXIMUM —- 29-55 °C. 
RATINGS may cause permanent device failure. Functionality 

at or above these limits is not implied. Exposure to absolute 

maximum ratings for extended periods may affect device reli- 

ability. 
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DC CHARACTERISTICS over operating ranges unless otherwise specified 
(for APL Products, Group A Subgroups 1, 2, 3, are tested unless otherwise noted) 


Parameter Parameter Test Conditions Min. Max. Unit 
Symbol Descriptions 


Vin Input HIGH Voltage Guaranteed 
Input HIGH 
Voltage (Note 1) 2.0 V 


Viv Input LOW Voltage Guaranteed 
Input LOW 
Voltage (Note 1) 0.8 V 


Vou Output HIGH Voltage Voec= Min., 
lon = -4.0 MA 2.4 V 
Vin = VinOr Viv 


Vor Output LOW Voltage Voec= Min., 
lo. = 16 MA 0.4 V 
Vin = Vy OF Vip 


Vor Input Clamp Diode Voltage Vec= Min., 
lo. = -18 MA —1.2 V 


bie Input HIGH Current Voc = Max., 
Vw =5.5V 10 pA 


lie Input LOW Current Voc= Max., 
Vin = 0.0 V -10 pA 


Isc Output Short-Circuit Vec= Max. -20 -90 mA 
Current Vour = 0.0 V 
(Note 2) 


loex Output Leakage Current Voc = Max., 
Vou = 5.5 V 40 A 
VCS=2.4V, 
Vour= 0.4 V -40 pA 


lec Operating Supply Current . Voc= Max. 
All Inputs = Vj, 
(Note 3.) 
All inputs = Vi 90 mA 


Notes: 

1) Vi and Vy, are input conditions of output tests and not themselves directly tested. V, and Vy, are absolute voltages with re- 
spect to device ground and include all overshoots due to system and /or tester noise. Do Not attempt to test these values 
without suitable equipment. 


2) Not more than one output should be shorted at a time. Duration of the short-circuit test should not exceed one second. 


3) Operating loc is measured with all inputs except CS, switching between V,, and Vj, at a timing interval equal to TAVDQV. 
The outputs are disabled via CS, held at 3.0 V. 
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CAPACITANCE* 


Parameter Parameter 
Symbol Descriptions Test Conditions Typ. Unit 


Input Capacitance (G2/ Ver & CS;) | Voc =5.0 V, 


Ta = 25°C 
input Capacitance (All Others 


Output Capacitance 


“These parameters are not 100% tested, but are evaluated 
at initial characterization and at any time the design is 
modified where capacitance may be affected. 


Vin/ Vout= 2.0 V 
@ f = 1MHz 


Cout 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified 
(for APL Products, Group A, Subgroups 9, 10, 11 are tested unless otherwise noted *). 


Am27C51 Am27C51 Am27C51 Unit 

Parameter —45 —55 -65 

Number & COM’L Only COM’L /MIL COM’L/MIL 

Symbol Description Max .Max. Max. 

1 TAVDQV Address Valid to Output 45 55 65 ns 

Valid Access Time 
2 TCSVDQZ Delay from Output Enables 25 30 35 ns 
TGHDQZ Valid to Output High Impedance 
3 TCSVDQV Delay from Output Enable Valid 25 30 35 ns 


TGLDQV to Output Valid 


Notes: 
See Switching Test Circuits. 


1) Tests are performed with input transition time of 5 ns or less, timing reference levels of 1.5 V, and input pulse levels of 0 to 3.0 V 
using test load in diagram A. 


2) TCSVDQZ/TGHDQZ is measured at steady-state HIGH output voltage minus 0.5 V and steady-state LOW output voltage plus 
0.5 V output levels using the test load in diagram B. 


3) TCSVDQV/TGLDQV is measured at steady-state output voltage minus 0.5 V for Hi-Z to LOW and steady-state output voltage 
plus 0.5 V for Hi-Z to HIGH output levels using the test load in diagram A. 


“Subgroups 7 and 8 apply to functional tests. 
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SWITCHING TEST CIRCUITS 


50V 5.0 V 


250Q 250 
Output Output 


7 50 pF 167Q T 5 pF 167Q 


A. Output Load for all AC tests 
except TCSVDQZ/TGHDQZ B. Output Load for TCS VDQZ/TGHDQZ 


Notes: 
1. All device test loads should be located within 2” of device output pin. 
2. Load capacitance includes all stray and fixture capacitance. 


11344-004A 
SWITCHING WAVEFORMS 
ok ois YOXX x VALID ADDRESS xX 


w) 


OUTPUTS XXX e Xx) \/ x) \/ x) x) Hi-Z 
DQ9-DQ7 OX, & XXX xX V xX VALID OUTPUT J VALID OUTPUT 
a XX x} A XX 


CS; ,Go, & G4 


11344-005A 
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Am27C51 CMOS PROM PROGRAMMING 
PROCEDURE 


Programming Technique 


Advanced Micro Devices’ high-performance CMOS 
PROM circuits have been designed to use a program- 
ming algorithm which minimizes the requirements on 
the programmer, yet allows the circuit to be pro- 
grammed quickly and reliably. Specifically, the following 
sequence of events must take place: 


1) Voc power is applied to the device; 


2) TheCS,/PGM, G2 /Vpp, and CS, / VFY inputs are 
raised to Vip ; 

3) The G, / Vpp pin is raised to Vpp (13.5V.); 

4) The appropriate address is selected; 

5) The appropriate byte-wide pattern is applied to all 
outputs; 

6) The CS, /PGM pinis pulsed to Vip for 1 ms; 


7) The CS,/ VFY pin is pulsed to Vyp and the byte 
sensed to verify that correct programming has oc- 
curred. 


8) Inthe event that the data does not verify, the se- 
quence of 5 through 7 could be repeated up to 25 
times; 

9) At the conclusion of initial programming, the se- 
quence of 5 and 6 should be repeated for over- 
programming using a Voc = 5.0 V, and GS, / 
pulse width equal to twice the sum of initial program- 
ming pulse times; 

10) The sequence of 4 through 9 must be repeated for 
each address to be programmed; 

11) At the conclusion of programming, the device 
should be verified for correct data at all addresses 
with two Vo, supply voltages (Voc = 6.0 and Vo, = 
4.2V). 


12) The G2 / Vpp pin is lowered back to Vip ; 


Notes on Programming 


1) The unprogrammed or erased state of all enabled 
outputs is HIGH. 


2) All delays between edges are specified from the 
completion of the first edge to the beginning of the 
second edge; i.e., not the midpoints (10% or 90% of 
specified waveform). 


3) Delays between any two timing events unless other- 
wise specified should be a minimum of 1s. 


4) While Vpp voltage is present PGM and VFY inputs 
should never be LOW at the same time. 


5) During ty, the output may be switched to appropri- 
ate loads for proper verification of specified Vo, and 
Von levels. 


6) Due to the potential for fast voltage transitions of the 
outputs, it is advisable to provide low-impedance 
connections to the device’s Vee and ground pins 
and to ensure adequate decoupling at the device 
pins. 


7) G, should be held at V\p throughout programming 
and verification. 


Erasure Characteristics 


In order to fully erase all memory locations, it is neces- 
sary to expose the memory array to an ultraviolet light 
source having a wavelength of 2537 A. The minimum 
recommended dose (UV intensity times exposure time) 
is 15 Wsec/cm®*. For a UV lamp with a 12 mW/cm* power 
rating, the exposure time would be approximately 30 
minutes. The device should be located within 1 inch of 
the source in direct line. 


It should be noted that erasure may begin with exposure 
to light having wavelengths less than 4000 A. To pre- 
vent exposure to sunlight or fluorescent lighting from re- 
sulting in partial erasure, an opaque label should be af- 
fixed over the window after programming. 


5-42 Am27C51 


PROGRAMMING PARAMETERS 
(T, = 25°C +5°C) 


Parameter 
Symbol Description Min. Max. Unit 
Voce Power Supply during Programming Initial Programming 5./5 6.25 V 
Over-Programming 4.75 5.25 V 
locp Vcc Supply Current during Programming 90 mA 
Vpp Programming Voltage 13 14 V 
Ip Vpp Supply Current during Programming 30 mA 
Vine Input HIGH Level During Programming and Verify 3.0 55 V 
Vive Input LOW Level During Programming and Verify 0.0 0.4 V 
Vor Output LOW Voltage during Verify 0.4 V 
Vou Output HIGH Voltage during Verify 2.4 V 
dVpp/at Rate of G» / Vpp Voltage Change (Rise and Fall Times) 5 10 V/us 
tppw CS. /PGM Programming Pulse Width Initial Programming Pulse 0.95 1.05 ms 
tes Address Valid to CS, / PGM or CS,/ VFY (LOW) Setup Time 1.0 Us 
fei CS, / PGM or CS, / VFY (HIGH) to Address Change Hold Time 1.0 US 
in Data Valid to CS, / PGM / (LOW) Setup Time 1.0 us 
toa CS; / PGM (HIGH) to Data Change Hold Time 1.0 US 
toy Delay from Data to CS,/ VFY (LOW) for Verification 1.0 Us 
ty Delay from CS,/ VFY (LOW) to Verification Strobe 100 ns 
PROGRAMMING WAVEFORMS 


—ViHP 
ADDRESS . 
INPUTS , SELECTED ADDRESS VALID 
Aj-A43 === Vit p 
a 
3 
6 
t 
: —ViHP 
CS1/PGM t 
INPUT 1 
‘ —ViLp 
a 
@ 
8 
: Rome meV 1H4P 
oo igs a | 
INPUT tas = 
id a 
é t t 1 é 
a D V ‘ 
° ’ 
° 8 
Vin oe id 6 scones Vou 
OUTPUTS . 4 
DQo = DOF “ DATA INPUT VALID DATA OUTPUT VALID ae 
Le Seer 
: 9 
Pe 
8 
11344—-006A 
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START 


Apply Voc 


BLANK rea fa BYTES? 


NON-—BLANK 
sens DEVICE 


Apply Vpp 
ADDRESS = FIRST LOCATION 
Set Voc = 6.0 V 
APPLY DATA BYTE to DQ Pins 


PROGRAM BYTE 
Single 1 ms Pulse 


< - 25> YES 
ee 


INCREMENT X 


PROGRAM BYTE 
Single 2 ms times X Pulse 
INCREMENT LAST ADDRESS? 
ADDRESS 


YES 


VERIFY ALL BYTES? 
Voc = 4.2 V &6.0V 


DEVICE PASSED 


Figure 1. Programming Flow 


DEVICE 
FAILED 


11344-007A 
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Am27C191/Am27C291 


16,384-Bit (2048x8) High-Performance CMOS PROM 


cl 


Advanced 
Micro 


DISTINCTIVE CHARACTERISTICS 


® High-speed (25 ns)/Low-Power (60 mA) CMOS 
EPROM Technology 


® Direct plug-in replacement for Bipolar PROMs — 
JEDEC-approved pinout 


® Slim 300-mil DIP (Am27C291) or standard 600-mil 
DIP (Am27C191) packaging available 


® §-Volt +10% power supplies for both Commercial 
and Military 


¢ UV-erasable and reprogrammable provides excep- 
tionally high programming yields (Typ. > 99.9%) 


* ESD immunity > 2000 V 


GENERAL DESCRIPTION 


The Am27C191 (2048 words by 8 bits) is a high-perform- 
ance CMOS programmable read-only memory (PROM). 


This device has three-state outputs compatible with low- 
power Schottky bus standards capable of satisfying the 
requirements of a variety of microprogrammable controls, 
mapping functions, code conversion, or logic replace- 


ment. Word-depth expansion is facilitated by both active 
LOW (G,) and active HIGH (G, and G,) output enables. 
This device utilizes proven floating-gate EPROM technol- 
ogy to ensure high reliability, ease of programming, and 
exceptionally high programming yields. This device is also 
available in 300-mil lateral center DIP (Am27C291). 


BLOCK DIAGRAM 


Ag |_)D 

Ag [_ > 

4 ee CS 
DECODER 

a 

Ket -) 

Agt 3 


28 x 128 
PROGRAMMABLE 
ARRAY 


VAVEVAVAVAVAUAY 


1 OF 16 
COLUMN 
DECODER 


PROGRAMMING 
CIRCUITRY 
eS 


10176A-1 


EIGHT 
1 OF 16 MULTIPLEXERS 


DQg DQ; DQo DQ, DQ, DQs DQ¢ DQ7 


Devices 


Rev. Amendment 


10176 B 
Issue Date: January 1989 


/0 


PRODUCT SELECTOR GUIDE 


Am27C191-25 Am27C191-35 Am27C191-45 
Part Number Am27C291-25 Am27C291-35 Am27C291-45 


Operating Range COM'’L COM’L/MIL* COM'’L/MIL* 
* Advance Information—Military Products Only. 


CONNECTION DIAGRAMS 


Top View 
DIPs** Flatpack 
Voc 
ar ge Site SRRTERENT ae peeseoeeeecemessietinneteerertiriy Voc 
Ag 
Ag Cee ee y Ag 
Ag 
A LRAT SINT, 
oe A, Sena MERE Ato 
G,Npp A, CO cui at LP 
Go is eee cee AD 
G3 A; aaueecaencamaeemE ry Gz 
ji ee 
DQ7 0 DQ7 
Oh Stee eta 
DQ¢ 0 DQ¢ 
DO. Ce Pe ee) 
DQs5 1 DQs5 
Mist es 
DQ, Gb Fe Pre eed DQ, 
DQ3 LCC*** 
ei O 
iy Wate | Miners panes os kone © Ue > a 
Ce oe 2 a ee ee 
use 
1 
A4 A109 
As G pp 
Ao Go 
Ay G3 
Ao NC 
NC* DQ7 
DQ DQ¢ 
fers fees GES 
see2egde¢ 
eee ee ee ee 
10176A-2 
*NC = No Connection 
Note: Pin 1 is marked for orientation 
** Also available in a 24-Pin ceramic windowed DIP. Pinout identical to DIPs. 
*** Also available in a 28-Pin ceramic windowed LCC. Pinout identical to LCC. 
LOGIC SYMBOL 
10176A-3 
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ORDERING INFORMATION 
Am27C191 Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) 
is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM27C191 -25 D C 


B 
jee e. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 
d. TEMPERATURE RANGE 
C = Commercial (0 to +75°C) 
c. PACKAGE TYPE 
P = 24-Pin Plastic DIP (PD 024*) 
D = 24-Pin Ceramic DIP (CDV024) 
L = 28-Pin Ceramic Leadless Chip Carrier 
(CLV028"*) 
b. SPEED OPTION 


-25 =25 ns 
-35 = 35 ns 
-45 = 45 ns 


a. DEVICE NUMBER/DESCRIPTION 


Am27C191 
2048 x 8 High-Performance CMOS PROM 


Valid Combinations 


Valid Combinations list configurations planned 
to be supported in volume for this device. Consult 


Valid Combinations 
AM27C191-25 


PC, PCB, DC, the local AMD sales office to confirm availability 

AM27C191-35 DCB, LC, LCB of specific valid combinations, to check on newly 
AM27C191-45 released combinations, and to obtain additional 
data on AMD's standard military grade products. 


* Product version in Development, 
contact HPP Product Marketing. 


cnet 
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ORDERING INFORMATION (Cont’d.) 
Am27C291 Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) 
is formed by a combination of: a, Device Number 
b. Speed Option (if applicable) 
. Package Type 
d. Temperature Range 
e. Optional Processing 


° 


AM27C291 -25 O20 S 
Lo e. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 
d. TEMPERATURE RANGE 
C = Commercial (0 to +75°C) 
c. PACKAGE TYPE 
P = 24-Pin (300-Mil) Plastic DIP (PD3024"*) 
D = 24-Pin (300-Mil) Ceramic DIP (CDV324*) 
b. SPEED OPTION 
-25 = 25 ns 
-35 = 35 ns 
-45 = 45 ns 
a. DEVICE NUMBER/DESCRIPTION 
Am27C291 
2048 x 8 High-Performance CMOS PROM 
lid b 
Valid Combinations as — —— — 
= ali inations list configurations planne 
AM27C291-25 to be supported in volume for this device. Consult 
AM27C291-35 PC, PCB, DC, the local AMD sales office to confirm availability 
DCB of specific valid combinations, to check on newly 


released combinations, and to obtain additional 
data on AMD's standard military grade products. 


AM27C291-45 


*Product version in Development, 
contact HPP Product Marketing. 


ee ee ee 
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MILITARY ORDERING INFORMATION 
Am27C191 APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) is formed 


by a combination of: a. Device Number 


b. Speed Option (if applicable) 
c. Device Class 
d. Package Type 
e. Lead Finish 
AM27C191 -35 B J A 
1 ee e. LEAD FINISH 
A = Hot Solder Dip 
d. PACKAGE TYPE 
J = 24-Pin Ceramic DIP (CDV024) 
K = 24-Pin Ceramic Flatpack (CFV024*) 
3 = 28-Pin Ceramic Leadless Chip Carrier 
(CLV028*) 
c. DEVICE CLASS 
/B = ClassB 
b. SPEED OPTION 
-35 = 35 ns 
-45 = 45 ns 


a. DEVICE NUMBER/DESCRIPTION 


Am27C191 
2048 x 8 High-Performance CMOS PROM 


Valid Combinations 


Valid Combinations list configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability 
of specific valid combinations or to check for newly 
released valid combinations. 


Valid Combinations 
AM27C191-35 BJA, IBKA, [BSA 
AM27C191-45 


*Preliminary; Package in Development. 


Group A Tests 


Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, 11. 


MILITARY BURN-IN 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. 
Test conditions are selected at AMD's option. 
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MILITARY ORDERING INFORMATION (Cont’‘.) 
Am27C291 APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) is formed 
by a combination of: a. Device Number 


b. Speed Option (if applicable) 
c. Device Class 
d. geow Type 
e. Lead Finish 
AM27C291 -35 a See, 
= e. LEAD FINISH 
A = Hot Solder Dip 
d. PACKAGE TYPE 
L = 24-Pin (300-Mil) Ceramic DIP (CDV324) 
c. DEVICE CLASS 
/B = ClassB 
b. SPEED OPTION 
-35 = 35 ns 
-45 = 45 ns 


a. DEVICE NUMBER/DESCRIPTION 


Am27C291 
2048 x 8 High-Performance CMOS PROM 


Valid Combinations 


Valid Combinations list configurations planned 
to be supported in volume for this device. Consult 


AM27C291-35 the local AMD sales office to confirm availability 
| AM276291-35 | /BLA of specific valid combinations or to check for newly 
AM27C291-45 released valid combinations. 


Valid Combinations 


Group A Tests 


Group A tests consist of Subgroups 
1,2, 3,7, 8, 9, 10, 11. 


MILITARY BURN-IN 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. 
Test conditions are selected at AMD's option. 
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PIN DESCRIPTION 


A,-A,, Address Lines (Inputs) 
The 11-bit field presented at the address inputs selects 
one of 2048 memory locations to be read from. 


DQ,-DQ, Data Port (Input/Outputs; Three State) 
The outputs whose state represents the data read from 
the selected memory locations. These outputs are three- 
state buffers which, when disabled, are in a floating or 
high-impedance state. These pins provide the data input 
for programming the memory array. 


G,/V,p: G,, G, Output Enable/(V,,.) Programming 
Power 
Provides direct control of the DQ output three-state 
buffers. When raised to a voltage > 12.0 V, the G,/V,, pin 
provides the programming power to program the memory 
array. 


Enable = G.-G,°G, 
Disable = G+G-G, 
= G, + G, + G, 
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ABSOLUTE MAXIMUM RATINGS 


OPERATING RANGES 


Storage Temperature ............eceseseeseeenenseeees —65 to +150°C Commercial (C) Devices 
Ambient Temperature Ambient Temperature (T,) .......csssecsceresressenes 0 to +75°C 
-with Power Applied ................ssssesesseceeesees —55 to +125°C SUPPIY VONAGS CV _) veicesesccscecvsesestvscesere +4.5 Vto+5.5V 
SSUDDIY VOROIO: ovisinsspcnassecesnnccslsscastesssisvcuness —0.5 Vto+7.0 V Military (M) Devices* 
DC Voltage Applied to Outputs Case Temperature (T,) ........ccscsresssseeers —55 to +125°C 
in High-Impedance State ................::0 -0.5 Vto +7.0 V Supply Voltage (V o- cxakes---sessvecesoesnsencvscess +4.5 to +5.5 V 
DC Programming Voltage (V,,) ...ssecccesenrsoreccensensersees 14V 
DOGS DUR VORB iiscs<ctacssocaeseccsance ms -scens —0.5 Vto+7.0V Operating ranges define those limits between which the 
Electrostatic Discharge Protection functionality of the device is guaranteed. 
(per MIL-STD-883 Method 3015.2) .................. > 2000 V 


Stresses above those listed under ABSOLUTE MAXIMUM 


* Military product 100% tested at T, = +25°C, +125°C, and 
—55°C. 


RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, Group A, Subgroups 1, 
2, 3 are tested unless otherwise noted) 


Parameter Parameter 
Symbol Description Test Conditions 

y. Input HIGH Voltage Guaranteed Input HIGH Voltage V 
(Note 1) 

Vi Input LOW Voltage Guaranteed Input LOW Voltage V 
(Note 1) 

Vin Output HIGH Voltage Voc = Min., |, =—4.0 mA V 
Vie = Vie oF Va 


Veg = Min., |, = 16 mA 


Vin - Ves or Vi 


Vig Input Clamp Veg = Min., |, =—-18 mA 
Diode Voltage 


Poi Input HIGH Current Voc = Max., V,, = 5.5 V a 
Output Short-Circuit Vi, = Max. mA 
Current Vour = 0.0 V (Note 2) 
ee 
Output Leakage Current 2 


Veg = Max. 
(Note 3) 


Vour = 9: 
All Inputs = V,, 
Operating Supply Current 


All Inputs = V,_ 


1. V,, and V,, are input conditions of output tests and are not themselves directly tested. V, and V,, are absolute voltages 
with respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test 
these values without suitable equipment. 


2. Notmorethan one output should be shorted at atime. Duration of the short-circuit test should not exceed one second. 


3. Operating |,, is measured with all inputs execpt G, switching between V,, and V,, at a timing interval equal to 
TAVDQV. The outputs are disabled via G, held at 3.0 V. 
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Capacitance* 
Parameter Parameter 
Symbol Description Test Conditions Typ. 


Input Capacitance (G._/V,,) 

Cy, Veg = 5.0 V, T, = 25°C pF 
Input Capacitance (All Others) Vw Vour = 2:0 V @f = 1 MHz 

Output Capacitance 


*These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
capacitance may be affected. 


- SWITCHING CHARACTERISTICS over operating range unless otherwise specified (for APL Products, Group A, 


Subgroups 9, 10, 11 are tested unless otherwise noted") 


Am27C191/Am27C291 


ee ae 


COM’L Only COM’L/MIL COM’L/MIL 
Parameter Parameter 
Symbol Description rae 


1 TAVDQV Address Valid to Output 
Valid Access Time 
TGVDQZ Valid to Output High 
Impedance (Note 2) 
TGVDQV Delay from Output Enable 
Valid to Output Valid (Note 3) 


Delay from Output Enable 


See Switching Test Circuits. 
Notes: 1. Tests are performed with input transition time of 5 ns or less, timing reference levels of 1.5 V, and input pulse levels 5 
of 0 to 3.0 V using test load in diagram A. 


2. TGVDQZ is measured at steady-state HIGH output voltage —0.5 V and steady-state LOW output voltage +0.5 V 
output levels using the test load in diagram B. 
3. TGVDQV is measured at steady-state output voltage minus 0.5 V for Hi-Z to LOW and steady-state output voltage 
plus 0.5 V for Hi-Z to HIGH output levels using the test load in diagram A. 
* Subgroups 7 and 8 apply to functional tests. 


SWITCHING TEST CIRCUITS 


5.0V 5.0V 
250 Q 2502 
Output Output 
a 1672 ae 167Q 
A. Output Load for all AC tests B. Output Load for TGVDQZ 
except TGVDQZ 


10176A-4B 


Notes: 1. All device test loads should be located within 2" of device output pin. 
2. Load capacitance includes all stray and fixture capacitance. 
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SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORMS 


MAY CHANGE 
FROM H TOL 


WILL BE 


MAY CHANGE 
CHANGING 
FROME TON FROM L TOH 


ANY CHANGE 
PERMITTED 


KS000010 


ADDRESS Qe’ 
es. PRX 


a ER ; 
) 
Go & G3 
: Cue. 


10176A-5 


3) The appropriate address is selected; 
Am27C191/Am27C291 CMOS PROM 4) The appropriate byte-wide pattern is applied to all out- 


puts; 
PROGRAMMING PROCEDURE 5) The GN. pin is pulsed to 13.5 V for 1 ms; 


6) Thedevice is enabled andthe byte sensed to verify that 


Programming Technique correct programming has occurred. 

7) Inthe event thatthe data does not verify, the sequence 
Advanced Micro Devices’ high-performance CMOS PROM of 4 through 6 could be repeated up to 25 times; 
circuits have been designed to use a programming algorithm 8) Attheconclusion of initial programming, the sequence 
which minimizes the requirements on the programmer, yet of 4 and 5 should be repeated for over-programming 
allows the circuit to be programmed quickly and reliably. using a V., = 5.0 V, and G,/V,, pulse width equal to 
Specifically, the following sequence of events must take twice the sum of initial programming pulse times; 
place: 9) Thesequenceof2through 6 must be repeated foreach 


address to be programmed; 
1) V,, power is applied to the device; 10) At the conclusion of programming, the device should 
2) The device outputs are disabled; be verified for correct data at all addresses with two V_,, 
supply voltages (V.,. = 6.0 and V,,,. = 4.2 V). 


— 
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Notes on Programming Erasure Characteristics 


1) The unprogrammed or erased state of all enabled In order to fully erase all memory locations, it is necessary to 
outputs is HIGH. expose the memory array to an ultraviolet light source having 
2) All delays between edges are specified from the com- a wavelength of 2537A. The minimum recommended dose 


pletion of the first edge to the beginning of the second (UV intensity times exposure time) is 15 Wsec/cm?. For a UV 
edge; i.e., not the midpoints (10% or 90% of specified lamp with a 12 mW/cm? power rating, the exposure time would 
waveform). be approximately 30 minutes. The device should be located 


3) During t,, the output may be switched to appropriate within 1 inch of the source in direct line. 
loads for proper verification of specified V,, and V,,, 
levels. It should be noted that erasure may begin with exposure to 
4) Due to the potential for fast voltage transitions of the light having wavelengths less than 4000A. To prevent expo- 
outputs, it is advisable to provide low-impedance con- sure to sunlight or fluorescent lighting from resulting in partial 
nections to the device’s V., and ground pins and to erasure, an opaque label should be affixed over the window 
ensure adequate decoupling at the device pins. after programming. 


PROGRAMMING PARAMETERS (,, = 25°c +5°c) 


Parameter Parameter 
Symbol Description 
“Initial Programming 5 
Power Supply during Programming 


MY £' 
Over-Programming 4.75 
Fe V.~ Supply Current during Programming 


es 
Input LOW Level during Programming and Verify 
es 


Address Valid to V,, (HIGH) Setup Time 


V,, (LOW) to Address Change Hold Time 


Data Valid to V., (HIGH) Setup Time 
| Vp (LOW) to Data Change Hold Time 


Delay from Data to Output Enable (LOW) for Verification 
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START 


BLANK CHECK ALL BYTES? 
Voc =40V 


FAIL——t| NON-BLANK DEVICE 


PASS 


ADDRESS = FIRST LOCATION 


Set Yoo =6.0V 


PROGRAM BYTE 
Single 1-ms Pulse 


i YES 
NO 
INCREMENT X 


FAIL 


PASS 


Set Yoo =5.0V 


PROGRAM BYTE 


Single 2-ms times X 
Pulse 
INCREMENT ADDRESS N LAST ADDRESS? 
YES 


VERIFY ALL BYTES? 
Yoo =42V&6.0V 


NO DEVICE FAILED 


YES 
DEVICE PASSED 


Figure 1. Programming Flow 
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Am273$13/27S13A 


2,048-Bit (512x4) Bipolar PROM 


ct 


Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 


@ High speed 

@ Highly reliable, ultra-fast programming Platinum-Silicide 
fuses 

@ High programming yield 


@ Low-current PNP inputs 
@ High-current open-collector and three-state outputs 
@ Fast chip select 


GENERAL DESCRIPTION 


The Am27S13 (512 words by 4 bits) is a Schottky TTL 
Programmable Read-Only Memory (PROM). 


This device has three-state (Am27S13) outputs which are 
compatible with low-power Schottky bus standards capable 
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of satisfying the requirements of a variety of micropro- 
grammable controls, mapping functions, code conversion, 
or logic replacement. Easy word-depth expansion is facili- 
tated by an active LOW output enable (G). 


DIAGRAM 


32 X 64 


PROGRAMMABLE 
ARRAY 


SSSR | ba | PES 2 
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PRODUCT SELECTOR GUIDE 


Three-State 
Part Number 
Address 
Access Time 
Operating 
Range 
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Am27S13A 
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Am27S13 


Issue Date: January 1989 


CONNECTION DIAGRAMS 
Top View 
DIPs* Ecc** 


Ps 


2% 


CD000591 CD000601 


*Also available in 16-Pin Flatpacks; Pinout identical to DIPs. 
**Also available in 20-Pin PLCC; Pinout identical to LCC. 


Note: Pin 1 is marked for orientation. 


LOGIC SYMBOL 


LS000091 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 
b. Speed Option (if applicable) 


5-60 


c. Package Type 
d. Temperature Range 
e. Optional Processing 


AM27S13 A 


a. DEVICE NUMBER/DESCRIPTION 
Am27S13/Am27S13A 
2,048-Bit (512 x 4) Bipolar PROM 


Valid Combinations 


DC, DCB, PC, PCB, 
LC, LCB, FC, FCB, 
JC, JCB 


AM27S13 
AM27S13A 


D Cc B 
e. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 
d. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 
c. PACKAGE TYPE 


P = 16-Pin Plastic DIP (PD 016) 

D = 16-Pin Ceramic DIP (CD 016) 

F = 16-Pin Ceramic Flatpack (CF 016) 

L = 20-Pin Ceramic Leadiess Chip Carrier 
(CL 020) 

J =20-Pin Plastic Leaded Chip Carrier 
(PL 020) 


b. SPEED OPTION 
A=30 ns 
Blank = 50 ns 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 
products. 


Am27S13/27S13A 


MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) 
for APL products is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Device Class 

d. Package Type 

e. Lead Finish 


A 
Soe LEAD FINISH 


A =Hot Solder DIP 


7$1 


d. PACKAGE TYPE 
E = 16-Pin Ceramic DIP (CD 016) 
F = 16-Pin Ceramic Flatpack (CF 016) 
2 = 20-Pin Ceramic Leadless Chip Carrier 
(CL 020) 


c. DEVICE CLASS 
/B =Class B 


b. SPEED OPTION 
A=40 ns 
Blank = 60 ns 


a. DEVICE NUMBER/DESCRIPTION 
Am27S13/Am27S13A 
2,048-Bit (512 x 4) Bipolar PROM 


Valid Combinations 
ae /BEA, /BFA, /B2A 
AM27S13A 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 


Group A Tests 


Group A tests consist of Subgroups 
4522-47 Oy Be 1 


MILITARY BURN-IN 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. Test 
conditions are selected at AMD's option. 


PIN DESCRIPTION 


Ag-Ag Address Inputs state and all three-state outputs to a floating or high- 
The 9-bit field presented at the address inputs selects one impedance state. 
of 512 memory locations to be read from. Enable=G 


Qo-Q3 # Data Output Port Disable = G 
The outputs whose state represents the data read from the 
selected memory locations. Vcc Device Power Supply Pin 

G Output Enable The most positive of the logic power supply pins. 


Provides direct control of the Q output three-state buffers. GND Device Power Supply Pin 
Outputs disabled force all open-collector outputs to an OFF The most negative of the logic power supply pins. 
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FUNCTIONAL DESCRIPTION CONDITIONAL TEST INPUTS. When the selected condition 

occurs, a HIGH signal will result at the multiplexer output, 
Applying the Am27S13 causing a predetermined branch address to be loaded into the 
parallel inputs of the counters on the next clock pulse. The 
counter then accesses the preprogrammed data or control 
information sequence from the Am27S12 or Am27S13 
PROMs. 


The Am27S13 can be used with a high-speed counter to form 
a pico-controller for microprogrammed systems. A typical 
application is illustrated below wherein a multiplexer, under 
control of one of the PROMs, is continuously sensing the 


3 SEL Am74S151 
MULTIPLEXER 


OUTPUT BITS FOR DATA OR CONTROL 


AF000242 


Figure 1. Typical Application for Am27S13 
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ABSOLUTE MAXIMUM RATINGS 


OPERATING RANGES 


Storage Temperature ..............0.0cceeeeeees -65 to + 150°C Commercial (C) Devices 
Ambient Temperature with Ambient Temperature (Ta) ................0c000s 0 to +75°C 
Eee) Rn ee eine eee -55 to +125°C Supply Voltage (Vcc) .............6.. +4.75 V to +5.25 V 
SHE - VOUMOIG «iss css cates betdovsnundsactes -0.5 V to +7.0 V Milita a 
: ry (M) Devices 
Stars Dh aid os os i a vas ie Case Temperature (Tc) ...........00ecee0. -55 to +125°C 
See == Supply Voltage (V ee eS +5, 
DC Voltage Applied to Outputs aiid ge (Vcc) pt Sm i 
Sse ees = PONE v3 Sieg Sess crcakecheeds os030ecun eect saat. 21 V Bs 
Output Current into Outputs During ieahiee a si those ae pe which the 
Programming (Max. Duration of 1 sec) ............ 250 mA unctonality of the gevice is. guaranteed. 
SU VORB OG oan ceases Gs vet cxescveees -0.5 V to +5.5 V = 
BCAinnut -Carent 2.0 ce ~30 mA to +5 mA “Military Product 100% tested at Tc = + 25°C, + 125°C, and 


-55°C. 
Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified (for APL Products, Group A, 
Subgroups 1, 2, 3 are tested unless otherwise noted) 


Parameter Parameter 

Symbol Description Test Conditions Typ. 

VOH Voc = Min., lon =-2.0 mA 

(Note 1) Output HIGH Voltage Vin = Vin oF Vit Vv 
Voc = Min., lo. = 16 mA 
Guaranteed input logical HIGH 
Guaranteed input logical LOW 

input LOW Current Voo = Max. Vin = 0.45 V [|__| 0250 [ma _| 


ee 1) Output Short-Circuit Current Voc = Max., Vout = 0.0 V (Note 3) 
All inputs = GND 
Power Supply Current Vec= Mak 


input Capacitance og = 500 V.Ta = 25°C 
Output Capacitance Vin/Vout = 2.0 V. @ f=1 MHz (Note 4) 


Notes: 1. This applies to three-state devices only. 
2. Vii and Vip are input conditions of output tests and are not themselves directly tested. Vi, and ViH are absolute voltages with respect 
to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values without suitable 
equipment. 
3. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
capacitance may be affected. 


SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, 
Group A, Subgroups 9, 10, 11 are tested unless otherwise noted*) 


COM'L 


Parameter 
Description 


Address Valid to Output Valid 
Access Time 


Delay from Output Enable Valid to 
Output Hi-Z 


Delay from Output Enable Valid to 
Output Valid 


Parameter 
Ss 


See also Switching Test Circuits. 
Notes: 1. Tests are performed with input transition time of 5 ns or less, timing reference levels of 1.5 V, and input pulse levels of 0 to 3.0 V using 
test load in A under Switching Test Circuits. 
2. TGVQZ is measured at steady state HIGH output voltage -0.5 V and steady state LOW output voltage +0.5 V ouput levels using the test 
load in B under Switching Test Circuits. 


*Subgroups 7 and 8 apply to functional tests. 
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SWITCHING TEST CIRCUITS 


5.0 V 5.0 V 
| | 
S; Si 
300 380 
Output Output 
5@ pF $622 S pF 620 
TC003441 TC003451 


A. Output Load for all tests except TGVQZ 
Notes: 1. All device test loads should be located within 2” of device output pin. 


2. S; is open for Output Data HIGH to Hi-Z and Hi-Z to Output Data HIGH tests. 
S; is closed for all other AC tests. 


3. Load capacitance includes all stray and fixture capacitance. 


B. Output Load for TGVQZ 


SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORM 


WAVEFORM INPUTS OUTPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROM H TOL 


‘ MAY CHANGE 
FROM L TOH 


DON'T CARE; 
ANY CHANGE 
PERMITTED 


DOES NOT 
APPLY 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


WILL BE 
CHANGING 
FROML TOH 


CHANGING; 
STATE 
UNKNOWN 


CENTER 
LINE IS HIGH 
IMPEDANCE 
“OFF” STATE 


KS000010 
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WF021180 
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Am27S19/27S19A al 
Am27S19SA/27LS19 Advanced 


Micro 
256-Bit (32x8) Bipolar PROM Devices 


DISTINCTIVE CHARACTERISTICS 


@ Ultra high speed @ Low-current PNP inputs 
@ Highly reliable, ultra-fast programming Platinum-Silicide @ High-current open collector and three-state outputs 
fuses @ Fast chip select 


@ High-programming yield 


GENERAL DESCRIPTION 


The Am27S19 (32 words by 8 bits) is a Schottky TTL functions, code conversions, or logic replacements. Easy 
Programmable Read-Only Memory (PROM). word depth expansion is facilitated by an active LOW 


This device is available in three-state (Am27S19) output output enable (G). 


versions. These outputs are compatible with low-power ; os 
Schottky bus standards capable of satisfying the require- This device is also available in a low-power version 
ments of a variety of microprogrammable controls, mapping Am27LS19. 
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PRODUCT SELECTOR GUIDE 


Three-State 
Part Number Am27S19SA Am27S19A Am27$819 Am27LS19 
Address 
[Assess time | 19% | 20 ns | 26 ne | 36 ns | 40 ns | 50 ns | 85 ns | 70 ne 
Operating 
cee ee ee 


icati Rev. Amendment 
03209 E /0 
Issue Date: January 1989 
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CONNECTION DIAGRAMS 
Top View 


DIPs* Lcc** 


CD000531 
CD000521 


Note: Pin 1 is marked for orientation. 
*Also available in a 16-pin Flatpack. Pinout identical to DIPs. 
**Also available in a 16-pin Plastic Leaded Chip Carrier. Pinout identical to LCC. 


LOGIC SYMBOL 


32 X 8 PROM 


G Qo GQ; Qo Az Ag As Ag Qz 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 


AM27S19 SA D o 


b. Speed Option (if applicable) 
c. Package Type 

d. Temperature Range 

e. Optional Processing 


B 
aes e. OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C = Commercial (0 to + 75°C) 


c. PACKAGE TYPE 

P = 16-Pin Plastic DIP (PD 016) 

D = 16-Pin Ceramic DIP (CD 016) 

F = 16-Pin Flatpak (CF 016) 

L = 20-Pin Ceramic Leadless Chip Carrier 
(CL 020) 

J = 20-Pin Plastic Leaded Chip Carrier 
(PL 020) 


b. SPEED OPTION 
See Product Selector Guide 


a. DEVICE NUMBER/DESCRIPTION 
Am27S19/Am27S19A/Am27S19SA/Am27LS19 
256-Bit (32 x 8) Bipolar PROM Valid Combinations 


Valid Combinations Valid Combinations list configurations planned to be 


AM27S19 


AM27S19A 
AM27S19SA 
AM27LS19 


supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 
products. 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) 
for APL products is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Device Class 

d. Package Type 

e. Lead Finish 


SA /B i: A 
Ee LEAD FINISH 
A =Hot Solder Dip 
d. PACKAGE TYPE 


E = 16-Pin Ceramic DIP (CD 016) 

F = 16-Pin Flatpack (CF 016) 

2 = 20-Pin Ceramic Leadless Chip Carrier 
(CL 020) 


AM27S19 


c. DEVICE CLASS 
/B =Class B 


b. SPEED OPTION 
See Product Selector Guide 


a. DEVICE NUMBER/DESCRIPTION 
Am27S19/Am27S19A/Am27S19SA/Am27LS19 


-Bi PROM 
256-Bit (32 x 8) Bipolar O Valid Combinations 


Valid Combinations list configurations planned to be 

supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
/BEA, combinations or to check for newly released valid 


/BFA, ee 
AM27S19SA /B2A combinations. 
AM27LS19 


Group A Tests 


Group A tests consist of Subgroups 
Vet Bros Wie ts 


MILITARY BURN-IN 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. Test 
conditions are selected at AMD's option. 
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PIN DESCRIPTION 


Ao-A4 Address Inputs OFF state and all three-state outputs to a floating or high- 
The 5-bit field presented at the address inputs selects one impedance state. 
of 32 memory locations to be read from. Saale o i 
Qo-Q7 Data Output Port Disable = G 
The outputs whose state represents the data read from the 
selected memory locations Vcc Device Power Supply Pin 
G Output Enable The most positive of the logic power supply pins. 
Provides direct control of the Q output three-state buffers. GND Device Power Supply Pin 
Outputs disabled forces all open-collector outputs to an The most negative of the logic power supply pins. 
FUNCTIONAL DESCRIPTION 
The Am27S19 PROM may be used as a code converter. selector input. The use of a single Am27S19 to convert the 
Examples include conversion of hexadecimal, octal of BCD to outputs of a binary counter to either excess three or gray code 
seven segment display drive format. In many code conversion format is illustrated below. In this case both codes are 


applications an extra PROM address input is available and generated in true and complemented form simultaneously. 
may be used as a polarity control, blanking control or code : 


TRUTH TABLE 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature ................c0cseseeee -65 to +150°C Commercial (C) Devices 
Ambient Temperature with Ambient Temperature (Ta) ..............0..0000- 0 to +75°C 
Powter Bie aac: icccsinss estes -55 to +125°C Supply Voltage (VCC) ....-.--.-eeee +4.75 V to +5.25 V 
Supply Voltage ... NRT NE een Pe -0.5 V to +7.0 V Military (M) Devices* 
DC Voltage Applied to Outputs Case Temperature (TC) ..............0006 -55 to +125°C 
(Except During Programming)......... -0.5 to +Voc Max. Supply Voltage (VCC) ....esccseereeeeee. +4.5 V to +5.5 V 
DC Voltage Applied to Outputs 
During Programming pe aegeedur rs eteeeeeeeeeeeeeeereneneny 21 V Operating ranges define ee Site Biakean aa the 
OLED CARTER. IAD CSApARE- Queing functionality of the device is guaranteed. 
Programming (Max. Duration of 1 sec.)............ 250 mA g ‘ 
SMe MAL WOOD ss sens fansceatity cients sseuvkce -0.5 V to 5.5 V 2 
ae... oa -30 to +5 mA *Military products 100% tested at Tc = + 25°C, + 125°C, 


and -—55°C. 
Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, Group A, 
Subgroups 1, 2, 3 are tested unless otherwise noted) 


Parameter Parameter 
Symbol Description Test Conditions Typ. 
VOH Voc = Min., lon = -2.0 mA 
Output HIGH Voltage Vin © Vig or Vit V 
Guaranteed input logical HIGH 
a et Lae voltage for all inputs (Note 2) ! 
Guaranteed input logical LOW 
Fi ___|_Input LOW Current Voo= Max. Vin = 0.45 V Sse? Sees See 
. 


VIL 
Nie . 
input HIGH Current Voo= Max, Vin=27 V Sas ae 
Isc (Note 1) | Output Short-Circuit Current Voc = Max., Vout = 0.0 V (Note 3) BS SSS ae ee a ee 


All inputs = GND, 
Voc = Max. 


input Clamp Voltage Voc = Min., lin =-18 mA 


ICEX Output Leakage Current Voc = Max. Vo = Voc 2st Se SS SS ‘ak 
ou pee Vog = 500 V., Ta = 25°C caesar ee es 
Output Capacitance Vin/VouT = 2.0 V. @ f= 1 MHz (Note 4) amas St Ss SS 


Notes: 1. This applies to three-state devices only. 

2. Vi_ and Viy are input conditions of output tests and are not themselves directly tested. Vj, and Vj} are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

3. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
capacitance may be affected. 


Power Supply Current 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, 
Group A, Subgroups 9, 10, 11 are tested unless otherwise noted*) 


Parameter Parameter 
Symbol Description 


See also Switching Test Circuits. 


Notes: 1. Tests are performed with input transition time of 5 ns or less, timing reference levels of 1.5 V, and input pulse levels of 0 to 
3.0 V using test load in A under Switching Test Circuits. 
2. TGVQZ is measured at steady state HIGH output voltage -0.5 V and steady state LOW output voltage +0.5 V output levels 
using the test load in B under Switching Test Circuits. 


“Subgroups 7 and 8 apply to functional tests. 


SWITCHING TEST CIRCUITS 


5.0 V 5.0 V 
| | 
Sl Si 
388 388 
Output Output 
‘2 pF $600 re pF 620 
TC003440 TC003450 
A. Output Load for all tests except TGVQZ B. Output Load for TGVQZ 


Notes: 1. All device test loads should be located within 2” of device output pin. 


2. S; is open for Output Data HIGH to Hi-Z and Hi-Z to Output Data HIGH 
tests. S; is closed for all other AC tests. 


3. Load capacitance includes all stray and fixture capacitance. 
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SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROM H TOL 


MAY CHANGE 
FROML TOH 


DON'T CARE; 
ANY CHANGE 
PERMITTED 


DOES NOT 
APPLY 


ADDRESSES XXX 
epeg pee ne 


a SERRE cae orn pe 
S 


OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


WILL BE 
CHANGING 
FROML TOH 


CHANGING; 
STATE 
UNKNOWN 


CENTER 
LINE IS HIGH 
IMPEDANCE 
“OFF” STATE 
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Am27S21/27S21A Advanced 


Micro 
1,024-Bit (256x4) Bipolar PROM Devices 


DISTINCTIVE CHARACTERISTICS 


@ High speed @ Low-current PNP inputs 
@ Highly reliable, ultra-fast programming Platinum-Silicide @ High-current open-collector and three-state outputs 
fuses @ Fast chip select 


@ High programming yield 


GENERAL DESCRIPTION 


The Am27S21 (256 words by 4-bits) is a Schottky TTL power Schottky bus standards capable of satisfying the 
Programmable Read-Only Memory (PROM). requirements of a variety of microprogrammable controls, 

mapping functions, code version, or logic replacement. 
This device is only available in a three-state (Am27S21) Easy word-depth expansion is facilitated by active LOW (G4 
output version. These outputs are compatible with low- and Go) output enables. 
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PRODUCT SELECTOR GUIDE 


Three-State 

Address Access 

eget [am [om [om [om 
Operating 
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CONNECTION DIAGRAMS 
Top View 


LCc** 
ee oe ae ee 
% sBxBs 
3 1 20 


10 


ad 
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CD000581 


*Also available in a 16-Pin Flatpack. Pinout identical to DIPs. 
**Also available in a 20-Pin Square PLCC. Pinout identical to LCC. 


Note: Pin 1 is marked for orientation. 


LOGIC SYMBOL 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM27S21 A D acd B 
e. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 
d. TEMPERATURE RANGE 


C = Commercial (0 to + 75°C) 


: 


c. PACKAGE TYPE 
P = 16-Pin Plastic DIP (PD 016) 
D = 16-Pin Ceramic DIP (CD 016) 
L = 20-Pin Ceramic Leadiess Chip Carrier 
(CL 020) 
J =20-Pin Plastic Leaded Chip Carrier 
(PL 020) 


b. SPEED OPTION 
A=30 ns 
Blank = 45 ns 


a. DEVICE NUMBER/DESCRIPTION 
Am27S21/Am27S21A 
1,024-Bit (256 x 4) Bipolar PROM 


Valid Combinations 


Valid Combinations 
AM27S21 DC, DCB, PC, PCB, 
AM27S21A LC, LCB, JC, JCB 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 
products. 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) for APL 
products is formed by a combination of: a. Device Number 

b. Speed Option (if applicable 

c. Device Class : 

d. Package Type 

e. Lead Finish 


AM27821 A 


/8 & A 
Pe LEAD FINISH 
A= Hot Solder Dip 
d. PACKAGE TYPE 
E = 16-Pin Ceramic DIP (CD 016) 
F = 16-Pin Flatpack (CF 016) 
2 = 20-Pin Ceramic Leadiess Chip 
Carrier (CL 020) 
c. DEVICE CLASS 
/B =Class B 
b. SPEED OPTION 


A=40 ns 
Blank = 60 ns 


a. DEVICE NUMBER/DESCRIPTION 
Am27S21/Am27S21A 
1,024-Bit (256 x 4) Bipolar PROM 


Valid Combinations Valid Combinations 
Valid Combinations list configurations planned to be 


supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 


Group A Tests 


Group A tests consist of Subgroups 
Tey ety ee 


MILITARY BURN-IN 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. Test 
conditions are selected at AMD's option. 
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PIN DESCRIPTION 


Ao-A7 Address inputs (inputs) 
The 8-bit field presented at the address inputs selects one 
of 256 memory locations to be read from. 


Qo9-Q3 Data Output Port (Outputs) 
The output whose state represents the data read from the 
selected memory locations. 


Gi, G2 Output Enable 
Provides direct control of the Q output buffers. Outputs 
disabled force all open-collector outputs to an OFF state 


FUNCTIONAL DESCRIPTION 
Applying The Am27S21 


Typical application of the Am27S21 is shown below. The 
Am27S21 is employed as mapping ROMs in a microprogram 
computer control unit. The eight-bit macroinstruction from 
main memory is brought into the Ag — A7 inputs of the mapping 
ROM array. The instruction is mapped into a 12-bit address 


and all three-state outputs to a floating or high-impedance 
state. 
Enable = G;-Go 
Disable = G;"Go 
= G; + Go 
Vcc Device Power Supply Pin 
The most positive of the logic power supply pins. 


GND Device Power Supply Pin 
The most negative of the logic power supply pins. 


space with each PROM output supplying 4 bits. The 12 bits of 
address are then supplied to the ''D"' inputs of the Am2910 as 
a possible next address source for microprogram memory. 
The MAP output of the Am2910 is connected to the Gj input 
of the Am27S21 such that when the Gj input is HIGH, the 
outputs of the PROMs are in the three-state mode in the case 
of the Am27S21. The Go input is grounded; thus data from 
other sources are free to drive the D inputs of the Am2910 
when MAP is HIGH. 


OTHER DATA INPUTS 
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igh eae 
ee maa as 
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Figure 1. Microprogramming Instruction Mapping 
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ABSOLUTE MAXIMUM RATINGS 


OPERATING RANGES 


Storage Temperature ................:cccceeeeees -65 to + 150°C Commercial (C) Devices 
Ambient Temperature with Ambient Temperature (Ta) ................2000es 0 to +75°C 
POI PIIOUNE Coos 555s aha rs vo 5a One -55 to + 125°C Supply Voltage (Vcc) .............0: +4.75 V to +5.25 V 
a Es, ae Saivasay ss cgdciscaebaas seater -0.5 V to +7.0 V Military (M) Devices* 
lege pene 10ers Case Temperature (Tc) .............0:s.00e -55 to +125°C 
(Except During Programming)....... -0.5 V to +Vcc Max. Supply Voltage (Vcc) +45 V to +55 V 
Gene ONG -tL ee =o ee a ee a e ees : 
surat Seen Ge Ouse During Se eae ae ay Operating ranges define those limits between which the 
Programming (Max. Duration of 1 sec) ............ 250 mA functionality of the device is guaranteed. 
OG ipl WORROO 5.5 os ice io Sec cn sent est -0.5 V to +5.5 V 
eee WU CAMTOIN «53 os os cacbde ss dacacedanac -30 mA to +5 mA *Military product 100% tested at Tc +25°C, +125°C, and 


Stresses above those listed under ABSOLUTE MAXIMUM 55°C. 


RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, Group A, 
Subgroups 1, 2, 3 are tested unless otherwise noted) 


Parameter Parameter 
Symbol Description Test Conditions Typ. 

Voc = Min., lon =-2.0 mA 

Vou (Note 1) Output HIGH Voltage Vin = Vin or Vib 
Voc = Min., lo. = 16 mA 
Guaranteed input logical HIGH 
Guaranteed input logical LOW 

—— Input LOW Current | Voc=Max. Vin=045V 0 = | Voc=Max. Vin=045V 0 Vin = 0.45 V 


[iy | trput HIGH Current Voo= Max, Vin=27 V Seaseas 2 eras 
Isc (Note 1) Output Short Circuit Current Voc = Max., Vout = 0.0V (Note 3) | -20 | | -90 | 


All poe = GND, 


SS SSS Input Clamp Voltage Voc = Min., in =-18 mA 


l= ee 


Se Input Capacitance Voc = 5.00 V., Ta = 25°C eases 
SS Eee Output Capacitance Vin/VouT = 2.0 V..@ f=1 MHz (Note 4) ee he SS SSS 


Notes: 1. This applies to three-state devices only. 
2. Vi_ and Viy are input conditions of output tests and are not themselves directly tested. Vj, and Vj} are absolute voltages with respect to device 
ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values without suitable equipment. 
. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where capacitance 
may be affected. 


> Ww 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, 
Group A, Subgroups 9, 10, 11 are tested unless otherwise noted*) 


Am27S821A Am278S21 
come | mu | come 
Parameter Parameter 


IL 
Symbol Description | Min, | Max. | Min. | Max. | Min. | Max. | Min. 
[1 | tavav | Adsress Vaid to Output valid Access Time | | 00 | | | | 4 | | 60 | ne | 
[2 | Tavaz | Delay tom Output Enable Valid to Ouput iz | | 20 | | es | | 2 | | 90 | ne 
Fa | Tevav | Delay trom Output Enable Valid to Output Vaid | | 2 | | 2 | | 2 | | 90 | ns | 


See also Switching Test Circuits. 
Notes: 1. Tests are performed with input transition time of 5 ns or less, timing reference levels of 1.5 V, and input pulse levels of 0 to 3.0 V using test load in 
A under Switching Test Circuits. 
2. TGVQZ is measured at steady state HIGH output voltage -0.5 V and steady state LOW output voltage + 0.5 V output levels using the test load in 
B under Switching Test Circuits. 


*Subgroups 7 and 8 apply to functional tests. 


SWITCHING TEST CIRCUITS 


5.0V 5.0V 
| | 
Si Si 
308 338 
Output Output 
5@ pF $600 ‘ pF 620 
TC003460 TC003470 
A. Output Load for all tests except TGVQZ B. Output Load for TGVQZ 


Notes: 1. All device test loads should be located within 2” of device output pin. 
2. S; is open for Output Data HIGH to Hi-Z and Hi-Z to Output Data HIGH tests. S; is closed for 
all other AC tests. 
3. Load capacitance includes all stray and fixture capacitance. 
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SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


MUST BE 
STEADY 
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FROM H TOL 
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DON'T CARE; 
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WILL BE 
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CHANGING; 
STATE 
UNKNOWN 
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Am273S25/27S25A/27S25SA 


4096-Bit (512x8) Bipolar Registered PROM 
with Preset and Clear Inputs 


ct 


Advanced 


Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 


@ 'SA' version offers ultrafast AC performance (25 ns set- 
up and 12 ns clock-to-output) 

@ On-chip edge-triggered registers — ideal for pipelined 
microprogrammed systems 

@ Versatile synchronous and asynchronous enables for 
simplified word expansion 

@ Buffered common Preset (PS) and Clear (CR) inputs 


@ Slim, 24-pin, 300-mil lateral center package occupies 
approximately 1/3 the board space required by standard 
discrete PROM and register 

@ Consumes approximately 1/2 the power of separate 
PROM/register combination for improved system reli- 
ability 

@ Platinum-Silicide fuses guarantee high reliability, fast 
programming, and exceptionally high programming 
yields (typ > 98%) 


GENERAL DESCRIPTION 


The Am27S25 (512 words by 8 bits) is a fully decoded, 
Schottky array, TTL Programmable Read-Only Memory 
(PROM), incorporating D-type master-slave data registers 
on chip. This device has three-state outputs compatible 
with low-power Schottky bus standards capable of satisfy- 
ing the requirements of a variety of microprogrammable 
controls and state machines. 


This device contains an 8-bit parallel data register in the 
array-to-output path which allows PROM data to be stored 
while other data is being addressed. This meets the 


requirements for pipelined microprogrammable control 
stores where instruction execute and instruction fetch are 
performed in parallel. 


To offer the system designer maximum flexibility, this 
device contains both asynchronous and synchronous out- 
put enables as well as common asynchronous preset and 
clear register controls. 


Upon power-up the outputs (Qo — Q7) will be in a floating or 


high-impedance state. 
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PRODUCT SELECTOR GUIDE 


[Address Setup Time (ns) | 25 | 90 | 90 | a5 | 50 | 55 
[Clock-to-Ouput Delay (ns) | 2 | 15 | 20 | 25 | a7 | a0 
[Operating Range =| c | w | c [mu |c|m_ 


Publication # 
03300 
Issue Date: January 1989 


= 10 
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CONNECTION DIAGRAMS 


Top View 
DIPs* 
As tay 
Ay a 
Ay we 
A a 
A Lr) 
rv « 
we +) 
Q Q, 
Q, Qs 
CD001021 CD000632 
LCC** 


a 3 © 


CD008024 


Note: Pin 1 is marked for orientation. 
*Also available in a 24-pin Flatpack. Pinout identical to DIPs. 
**Also available in a 28-pin square PLCC. Pinout identical to LCC. 


LOGIC SYMBOL 


Ao A, Az Ag Ag As Ag Az Ag 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 

f. Alternate Packaging Option 


AM27S25_ SA dD co B cane 


. ALTERNATE PACKAGING OPTION 
-S = 28-Pin Square Ceramic Leadless Chip 
Carrier with Thinner Ceramic Thickness (CLT028) 


e. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C = Commercial (0 to + 75°C) 


c. PACKAGE TYPE 
P = 24-Pin (300-Mil) Plastic DIP (PD3024) 
D = 24-Pin (300-Mil) Ceramic DIP (CD3024) 
L = 32-Pin Rectangular Ceramic Leadliess Chip 
Carrier (CLRO32) 
J = 28-Pin Plastic Leaded Chip Carrier (PL 028) 


b. SPEED OPTION 
See Product Selector Guide 


a. DEVICE NUMBER/DESCRIPTION 
Am27S25/Am27S25A/Am27S25SA 
4096-Bit (512 x 8) Bipolar Registered PROM with Preset and Clear Inputs 


Valid Combinations 


aie Sonomatons Valid Combinations list configurations planned to be 

AM27S25 DC, DCB, PC, supported in volume for this device. Consult the local AMD 
PCB, LC, LCB, - ; oe Seeeaae ate : 

AM27S25A LC-S, LCB-S sales office to confirm availability of specific valid 

Am27S25SA JC, JCB combinations, to check on newly released combinations, and 


to obtain additional data on AMD's standard military grade 
products. 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) 
for APL products is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Device Class 

d. Package Type 

e. Lead Finish 


K A 
Sears. LEAD FINISH 
A= Hot Solder Dip 
d. PACKAGE TYPE 


K = 24-Pin Rectangular Ceramic Flatpack (CFM024) 

L = 24-Pin (300-Mil) Ceramic DIP (CD3024) 

U = 32-Pin Rectangular Ceramic Leadiess Chip 
Carrier (CLRO32) 

3 = 28-Pin Square Ceramic Leadless Chip Carrier with 
Thinner Ceramic Thickness (CLT028) 


AM27S25 SA 7423 


c. DEVICE CLASS 
/B =Class B 


b. SPEED OPTION 
See Product Selector Guide 


a. DEVICE NUMBER/DESCRIPTION 
Am27S25/Am27S25A/Am27S25SA 
4096-Bit (512 x 8) Bipolar Registered PROM with Preset and Clear Inputs 


Valid Combinations 


Valid Combinations Valid Combinations list configurations planned to be 


supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 


/BKA, /BLA 
Am27S25A : ; : ; : 
/BUA, /B3A combinations or to check for newly released valid 


Am27S25SA combinations. 


Group A Tests 


Group A tests consist of Subgroups 
1, 2 ee 8 1G, 7%. 


MILITARY BURN-IN 


Military burn-in is in accordance with the current revisions of MIL-STD-883, Test Method 1015, Conditions A through E. Test 
conditions are selected at AMD's option. 


5-84 Am27S25/27S25A/27S25SA 


PIN DESCRIPTION 


Ag-Ag_ Address (inputs) 
The 9-bit field presented at the address inputs selects one 
of 512 memory locations to be read from. 


K Clock 
CP is used to load data into the parallel registers from the 
memory array. Data transfer occurs on the LOW-to-HIGH 
transition of CP. 


Qo-Q7 Data Port (Outputs, Three-State) 
Parallel data output from the pipeline register. The disabled 
state of these outputs is floating or high-impedance. 


G Asynchronous Output Enable 
Provides direct control of the Q, output three-state drivers, 
independent of CP. 


Gs Synchronous Output Enable 
Controls the state of the Q, output three-state drivers, in 
conjunction with CP. This is useful where more than one 


FUNCTIONAL DESCRIPTION 


When Vcc power is first applied, the synchronous enable (Gs) 
flip-flop will be in the set condition causing the outputs 
(Qo - Q7) to be in the OFF or high-impedance state. This 
occurs regardiess of the state of the asynchronous enable 
input. A LOW-to-HIGH transition of the clock input (K) while Gs 
input is LOW is required after power-up in order to enable the 
ouputs to an active state. Reading data is accomplished by 
first applying the binary word address to the address inputs 
(Ag - Ag) and a logic LOW to the synchronous enable (Gs). 
During the address setup time, stored data is accessed and 
loaded into the master flip-flops of the data register. Since the 
synchronous enable setup time is less than the address setup 
requirement, additional decoding delays may occur in the 
enable path without reducing memory performance. Upon the 
next LOW-to-HIGH transition of the clock (K), data is trans- 
ferred to the slave flip-flops which drive the output buffers. 
Provided that the asynchronous enable (G) is also LOW, 
stored data will appear on the outputs (Qo - Q7). If Gs is HIGH 
when the positive clock edge occurs, outputs go to the OFF or 
high-impedance state regardless of the state of G. The 
outputs may be disabled at any time by switching G to a HIGH 


Am27S25/27S25A/27S25SA 


registered PROM is bussed together for word depth 
expansion. In this case, the enable becomes the most 
significant address bit and, as such, must be synchronized 
with the data. 


PS Asynchronous Preset 
Control pin used to force the state of the output data 
registers HIGH, independent of CP. This can be used to 
generate a condition for system interrupt or initialization. 


CR Asynchronous Clear 
Control pin used to force the state of the output data 
registers LOW, independent of CP. This can be used to 
generate a condition for system interrupt or initialization. 


Vcc Power Supply Pin 
The most positive of the logic power supply pins. 


GND Power Supply Pin 
The most negative of the logic power supply pins. 


level. Following the positive clock edge the address and 
synchronous enable inputs are free to change; changes will 
not affect the outputs until another positive clock edge occurs. 
This unique feature allows the PROM decoders and sense 
amplifiers to access the next location while previously ad- 
dressed data remains stable on the outputs. For less complex 
applications either enable may be effectively eliminated by 
tying it to ground. 


The on-chip edge-triggered register simplifies system timing 
since the PROM clock may be derived directly from system 
clock without introducing dangerous race conditions. Other 
register timing requirements are similar to those of standard 
Schottky registers and are easily implemented. 


The Am27S25 has buffered Asynchronous Preset (PS) and 

Clear (CR) inputs. These functions are common to all registers 

and are useful during power-up timeout sequences. With 

outputs enabled, the PS input asserted LOW will cause all 

outputs to be set to a logic 1 (HIGH) state. When the CR input 

is LOW, the internal flip-flops of the data register are reset and 

a logic 0 (LOW) will appear on all outputs. These functions will 

control the state of the data register, independent of all other 
inputs but exclusive of each other. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature ...............6.c0eceeeceeee -65 to +150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (Ta) ..................0055 0 to +75°C 
POWE Amenbd 5025056 acini eels RB ae -55 to +125°C Supply Voltage (VCC) ............edeeeees +4.75 to +5.25 V 

Supply Voltage ... PPROEs cha Mets eats chat Deh cacs -0.5 to +7.0 V Military (M) Devices* 

DC Voltage Applied to Outputs Case Temperature (Tc)................4. -55°C to +125°C 
(Except During Programming)....... -0.5 V to +Voc Max. Supply Voltage (VCC) ...........eeeee eee e ees +45 to +5.5 V 

DC Voltage Applied to Outputs 
CRMICE ROO NPN ND 0s span aedccetce us scadins sates tpi acqsin 21 V ete ; 

Output Current into Outputs During eos hehe 3 sisi those iar mveubae which the 
Programming (Max. Duration of 1 sec) ............ 250 mA unCHONAITY: OF ING: GOVvIGE 19 -QUAFANTOSS. 

Era NUNS WOMEN, acts .asieattsrsatecersedavansees -0.5 to +5.5 V a 

eT eT Ca an Oe i See ore ee -~30 to +5 mA *Military products 100% tested at Tc = +25°C, + 125°C, and 


-—55°C. 
Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, Group A, 
Subgroups 1, 2, 3 are tested unless otherwise noted) 


Parameter Parameter 
Symbol Description Test Conditions 
Output HIGH Voc = Min., lon =-2.0 mA 
Voltage Vin = Vin or Vit 
Output LOW Voc = Min., lo. = 16 mA 
VoL Voltage Vin = Vin, or Vit 
Guaranteed input logical HIGH 
Input HIGH Level voltage for all inputs (Note 1) Vv 
Guaranteed input logical LOW 
input LOW Level voltage for all inputs (Note 1) V 
Input LOW 2 rf 
Input HIGH be i 
Output Short os = 
Power Supply ; oe ar 
Input Clamp = Mi hel 
Output Leakage [Voc = Max. nae Rea ehtbacoea Beaiab Rh Ab. ics ean 
Output Capacitance | VIN/ Vout = 2.0 Vv. @ f=1 MHz (Note 4) 


Notes: 1. Vii and Vjy are input conditions of output tests and are not themselves directly tested. Vj, and Vijy are absolute voltages with respect to 
device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values without suitable equipment. 
2. Only one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
3. These parameters are not 100% tested, but are periodically sampled at initial characterization and at any time the design is modified where 
capacitance may be affected. 
4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
capacitance may be affected. 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, 
Group A, Subgroups 9, 10, 11 are tested unless otherwise noted*) (Note 1) 


Parameter Kerecrane Am27S25SA | Am27S25A | Am27S25 
po cae Description | Min. | Max. | Min. | Max. | Min. | Max. | 


wae L RS 

BS Ses SS ees Se eae 

an eee ee 
TKHQV1 Delay from K HIGH to Output Valid, for | COM'L | L ft ee Se es Se ee Se 

initially active outputs (HIGH or LOW) (Note 3) SSS SeSe Se SS ae Bee a 

TKHKL a wea ic oa iS Sie eS SS eae See 

eas 2S Bee Se ee See Be ee 
ee 
Output Valid (HIGH or LOW) ae 

[few fermen ee 
Output Hi-Z (See Note 2) MIL | 

COM'L 

oe ha 
Se eee 
PMI | 

| COM'L | 

MIL 

| COM'L 

PML 

| COM'L | 

MIL 

| COM'L 


JEDEC 


Delay from K HIGH to Output Valid, for COM'L 
Pee TKHQV2 initially Hi-Z outputs 
Delay from K HIGH to Output Hi-Z COM'L 
at TKHOQZ (See Note 2) 
TPSLQV Delay from PS or CR LOW COM'L 
TCRLQV to Output Valid (HIGH or LOW) 
TPSHKH Asynchronous PS or CR 2S es ee Se ee ee ee 
TORHKH "| Recovery Time 7 eee es a ee 
13 TPSLPSH Asynchronous PS or CR COM'L 2 Sas SS = SS 
TCRLCRH Pulse Width (LOW) MIL 


See also Switching Test Circuits. 


Notes: 1. Tests are performed with input transition time of 5 ns or less, timing reference levels of 1.5 V, and input pulse levels of 0 to 3.0 V using test load 
in A. under Switching Test Circuits. 
2. TGHQZ and TKHQZ are measured at steady state HIGH output voltage -0.5 V and steady state LOW output voltage + 0.5 V output levels 
using the test load in B. under Switching Test Circuits. 
3. Minimum delay is guaranteed by design and supported by characterization data. 


“Subgroups 7 and 8 apply to functional tests. 


SWITCHING TEST CIRCUITS 


5.0 V 5.0 V 
4 | 
S; Si 
320 320 
Output Output 
2 pF $600 Spr 620 


TC003441 TC003451 


A. Output Load for all tests B. Output Load for TGVQZ and TKHQZ 
except TGVQZ and TKHQZ 


Notes: 1. All device test loads should be located within 2” of device output pin. 
2. S; is open for Output Data HIGH to Hi-Z and Hi-Z to Output Data HIGH tests. S; is closed for 
all other AC tests. 
3. Load capacitance includes all stray and fixture capacitance. 
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SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROM H TOL 


MAY CHANGE 
FROM L TOH 


DON’T CARE; 
ANY CHANGE 
PERMITTED 


DOES NOT 
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OUTPUTS 


WILL BE 
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WILL BE 
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FROM H TOL 


WILL BE 
CHANGING 
FROM L TOH 


CHANGING; 
STATE 
UNKNOWN 


CENTER 
LINE IS HIGH 
IMPEDANCE 


“OFF” STATE 
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SWITCHING WAVEFORMS (Cont'd.) 
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Diagram B. Using Synchronous Enable 
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Diagram C. Using Asynchronous PRESET or CLEAR 
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Am27$27/27S27A 


4,096-Bit (512x8) Bipolar Registered PROM 


ct 


Advanced 
Micro 


DISTINCTIVE CHARACTERISTICS 


@ On-chip, edge-triggered registers — ideal for pipelined 
microprogrammed systems 

@ Versatile synchronous and asynchronous enables for 
simplified word expansion 

@ Predetermined OFF outputs on power-up 


@ Fast 30 ns address setup and 17 ns clock to output 
times 

@ Excellent performance over the military range 

@ Platinum-Silicide fuses guarantee high reliability, fast 
programming and exceptionally high programming 
yields (typ > 98%) 


GENERAL DESCRIPTION 


The Am27S27 (512 words by 8 bits) is a fully decoded, 
Schottky array, TTL-Programmable Read-Only Memory 
(PROM), incorporating D-type master-slave data registers 
on chip. This device has three-state outputs compatible 
with low-power Schottky bus standards capable of satisfy- 
ing the requirements of a variety of microprogrammable 
controls and state machines. 


This device contains an 8-bit parallel data register in the 
array-to-output path which allows PROM data to be stored 


while other data is being addressed. This meets the 
requirements for pipelined microprogrammable control 
stores where instruction execute and instruction fetch are 
performed in parallel. 


To offer the system designer maximum flexibility, this 
device contains both asynchronous and synchronous out- 
put enables. 


Upon power-up the outputs (Qo - 
high-impedance state. 


Qz7) will be in a floating or 


BLOCK DIAGRAM 
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PRODUCT SELECTOR GUIDE 
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Part Number Am27S27A ware 
Address Setup Time | 30ns | 35ns | 50ns | 


Clock-to-Output 
egret [ve [am [om em 


Operating Range | c | mM | oc _ 


Devices 


PARE ak, SOR 


03185 E 
Issue Date: January ee. 


CONNECTION DIAGRAMS 
Top View 


DIP Flatpack 


CD009363 
CD00067 1 


Note: Pin 1 is marked for orientation. 


LOGIC SYMBOL 


Ag A; Ag Ag Ag As Ag Az Ag 


Qo Q; G2 Q3 Q4 As Qe @ 


LS000131 


ee 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM27S27 A D ‘e B 


Piste OPTIONAL PROCESSING 
Blank = Standard Processing 
B = Burn-in 
d. TEMPERATURE RANGE 


C = Commercial (0 to + 75°C) 


c. PACKAGE TYPE 
D = 22-Pin (400-Mil) Ceramic DIP (CD4022) 


b. SPEED OPTION 
Blank = 55 ns setup/27 ns clock-to-output 
A=30 ns setup/17 ns clock-to-output 


a. DEVICE NUMBER/DESCRIPTION 
Am27S27/Am27S27A 
4,096-Bit (512 x 8) Bipolar Registered PROM 


Valid Combinations 


Valid Combinations list configurations planned to supported in 

volume for this device. Consult the local AMD sales office to 

confirm availability of specific combinations, to check on 

newly released combinations, and to obtain additional data on 
AMD's standard military grade products. 


ne 
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MILITARY ORDERING INFORMATION 
APL and CPL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. CPL (Controlled Products List) products are 
processed in accordance with MIL-STD-883C, but are inherently non-compliant because of package, solderability, or surface 
treatment exceptions to those specifications. The order number (Valid Combination) is formed by a combination of: 


APL Products: a. Device Number CPL Products: a. Device Number 
b. Speed Option (if applicable) b. Speed Option (if applicable) 
c. Device Class c. Package Type 
d. Package Type d. Temperature Range 
e. Lead Finish e. CPL Status 


APL Products 


A 
7 oneE LEAD FINISH 


A = Hot Solder Dip 


d. PACKAGE TYPE 
K = 24-Pin Flatpack (CFM024) 
W = 22-PIN (400 mil) Ceramic DIP (CD4022) 


c. DEVICE CLASS 
/B =Class B 


b. SPEED OPTION 
Blank = 55 ns setup/30 ns clock-to-output 
A= 35 ns setup/20 ns clock-to-output 


a. DEVICE NUMBER/DESCRIPTION 
Am27S27/Am27S27A 
4,096-Bit (512 x 8) Bipolar Registered PROM 


CPL Products 


gf 
See CPL STATUS 


C =CPL Certified 


AM27S27. LD. M 


. TEMPERATURE RANGE 
M = Military (-55 to + 125°C) 


. PACKAGE TYPE 
/D = 22-Pin (400-Mil) Ceramic DIP (CD4022) 


. SPEED OPTION 
Blank = 55 ns setup/30 ns clock-to-output 
A=35 ns setup/20 ns clock-to-output 


A. DEVICE NUMBER/DESCRIPTION 
Am27S27/Am27S27A 
4,096-Bit (512 x 8) Bipolar Registered PROM 


Valid Combinations 
AM27S27 
/BKA, /BWA 
AM27S27A 


> See 


/DMC 
gree 


Valid Combinations 


Valid Combinations list configurations planned to be supported 
in volume for this device. Consult the local AMD sales office to 
confirm availability of specific valid combinations or to check for 
newly released valid combinations. 


Group A Tests 


Group A tests consist of Subgroups 
1,223, 2, Ry Be) 44. 


MILITARY BURN-IN 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. Test conditions 
are selected at AMD's option. 
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PIN DESCRIPTION 


Ao-Ag Address Inputs (Input) 
The 9-bit field presented at the address inputs selects one 
of the 512 memory locations to be read from. 


K Clock (input) 
The clock is used to load data into the parallel registers from 
the memory array. Data transfer occurs on the LOW-to- 
HIGH transition of K. 


Qo9-Q7 Data Output Port (Output) 
Parallel data output from the pipeline register. The disabled 
state of these outputs is floating or high impedance. 


G Asynchronous Output Enable (Input) 
Provides direct control of the Q, output three-state drivers 
independent of K. 


FUNCTIONAL DESCRIPTION 


When Vcc power is first applied, the synchronous enable (Gs) 
flip-flop will be in the set condition causing the outputs, 
Qo - Q7, to be in the OFF or high-impedance state, eliminating 
the need for a register clear input. This occurs regardless of 
the state of the asynchronous enable input. A LOW-to-HIGH 
transition of the clock input (K) while Gg input is LOW is 
required after power-up in order to enable the outputs to an 
active state. Reading data is accomplished by first applying 
the binary word address to the address inputs, Ap —- Ag, and a 
logic LOW to the synchronous output enable, Gs. During the 
address setup time, stored data is accessed and loaded into 
the master flip-flops of the data register. Since the synchro- 
nous enable setup time is less than the address setup 
requirement, additional decoding delays may occur in the 
enable path without reducing memory performance. Upon the 
next LOW-to-HIGH transition of the clock, K, data is trans- 


Gs Synchronous Output Enable (Input) 
Controls the state of the Q, output three-state drivers in 
conjunction with K. This is useful where more than one 
registered PROM is bussed together for word depth 
expansion. In this case, the enable becomes thé most 
significant address bit and, as such, must be synchronized 
with the data. 


Vcc Device Power Supply Pin 
The most positive of the logic power supply pins. 


GND Device Power Supply Pin 
The most negative of the logic power supply pins. 


ferred to the slave flip-flops which drive the output buffers. 
Provided that the asynchronous enable, G, is also LOW, 
stored data will appear on the outputs, Qo - Q7. If Gs is HIGH 
when the positive clock edge occurs, outputs go to the OFF or 
high-impedance state. The outputs may be disabled at any 
time by switching G to a HIGH level. Following the positive 
clock edge, the address and synchronous enable inputs are 
free to change; changes will not affect the outputs until 
another positive clock edge occurs. This unique feature allows 
the PROM decoders and sense amplifiers to access the next 
location while previously addressed data remains stable on 
the outputs. For less complex applications either enable may 
be effectively eliminated by tying it to ground. 


The on-chip edge-triggered register simplifies system timing 
since the PROM clock may be derived directly from system 
clock without introducing dangerous race conditions. Other 
register timing requirements are similar to those of standard 
Schottky registers and are easily implemented. 


Am27S27/27S27A 


ABSOLUTE MAXIMUM RATINGS 


OPERATING RANGES 


Storage Temperature ..................cceee eee es -65 to + 150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (Ta) ..............00eeee0e 0 to +75°C 
POIWMNE: PSWINOS Fie on tas icanenitesccnetencianas -55 to +125°C Supply Voltage (Vcc) .............65: +4.75 V to +5.25 V 

Supply Voltage ... Sear ete Ome dors ie -0.5 V to +7.0 V Military (M) Devices* 

seit lime pecan nib win 208 Ge Vee Max Case Temperature (TC)..............c00eees -55 to +125°C 

DC Voliage Applied to Outputs Supply Voltage (Vcc) .............2060es +45 V ta +6.6.¥ 
ERS) FOOTIE ovis bisa vaca shins. cite ngekannu anmnebes 21 V : = : 

Output Current into Outputs During Operating ranges define those limits between which the 
Programming (Max Duration of 1 sec)............. 250 mA functionality of the device is guaranteed. 

EE -HUE VONOOE 5 ois fecb ess fieesseoeectens -0.5 V to +5.5 V 

Pe ON SARTORI oso cc aap obs kieascusoandte -30 mA to +5 mA *Military product 100% tested at Tc = +25°C, + 125°C, 


Stresses above those listed under ABSOLUTE MAXIMUM and 55°C. 


RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, Group A, 
Subgroups 1, 2, 3 are tested unless otherwise noted) 


Parameter Parameter 
Symbol Description Test Conditions 
aca ound Low votuge | Ye ee im 


Guaranteed input logical LOW 
x aes Input LOW Level voltage for all inputs (Note 4) 


nm Input LOW Current Voc = Max., Vin = 0.45 V ah eae te | 


Pg eer ee Pree Input HIGH Current Voc = Max., Vin = 2.7 V 
ae input HIGH Current Voc = Max, Vin =55 V 


Voc = Max., Vout = 0.0 V 
Output Short-Circuit Current (Note 2) 
All inputs = GND Co 
scares Power Supply Current hii Max. pees 


Output Leakage Voc = Max. eal dl ee a 
Current 


VE =24 V eee fe 
input Capacitance Iols —mohed OSes eT 
Output Capacitance | VnVour=20V. @ f=1 MHz (Note 3) |__| 12] 


Notes: 1. Typical limits are at Voc = 5.0 V and Ta = 25°C. 
2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
capacitance may be affected. 
. Vit and Vip are input conditions of output tests and are not themselves directly tested. Vj, and Vij are absolute voltages with respect to 
device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values without suitable equipment. 


© 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, 
Group A, Subgroups 9, 10, 11 are tested unless otherwise noted*) (see Note 1) 


Am27S27A Am27S27 


Parameter Parameter 
Symbol Description 


oe TAVKH Address to K HIGH Setup Time 
28 TKHAX Address to K HIGH Hold Time 
TKHOV1 Delay from K HIGH to Output Valid, for is L 
initially active outputs (HIGH or LOW) eae se 
TKHKL sa eae COM'L Ser Ss ee oy ees ee 
aes ME Se 80 des fps See pee 


[mo [aes = Fete 
Output Valid (HIGH or LOW) 

Do [weer =e 

ie ee 


Delay from K HIGH to Output Hi-Z 


See also Switching Test Circuit Diagrams. 
Notes: 1. Tests are performed with input transition time of 5 ns or less, timing reference levels of 1.5 V, and input pulse levels of 0 
to 3.0 V using test load in A, 
2. TGHQZ and TKHQZ are measured at steady state HIGH output voltage -0.5 V and steady state LOW output voltage +0.5 
V output levels using the test load in B. 


*Subgroups 7 and 8 apply to functional tests. 


SWITCHING TEST CIRCUITS 


5.0 V 5.0 V 
4 4 
Si $1 
eC ) 308 
Sutput Output 
58 pF $600 Spr 620 
TC003440 TC003450 
A. Output Load for all tests except TGVQZand B. Output Load for TGVQZ and TKHQZ 


TKHQZ 


Notes: 1. All device test loads should be located within 2” of device output pin. 


2. S; is open for Output Data HIGH to Hi-Z and Hi-Z to Output Data HIGH tests. 
S; is closed for all other AC tests. 


3. Load capacitance includes all stray and fixture capacitance. 
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SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS 
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Diagram B. Using Synchronous Enable 
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Am273S29/Am27S29A/Am27S29SA Advanced 


Micro 
4,096-Bit (512x8) Bipolar PROM Devices 


DISTINCTIVE CHARACTERISTICS 


@ High Speed @ Low-current PNP inputs 
@ Highly reliable, ultra-fast programming Platinum-Silicide @ High-current open-collector and three-state outputs 
fuses @ Fast chip select 


@ High programming yield 


GENERAL DESCRIPTION 


The Am27S29 (512-words -by 8-bits) is a Schottky TTL requirements of a variety of microprogrammable controls, 
Programmable Read-Only Memory (PROM). mapping functions, code conversion, or logic replacement. — 
Easy word depth expansion is facilitated by an active LOW 


This device has three-state outputs, compatible with low- (G) output enable. 


power Schottky bus standards capable of satisfying the 


FUNCTIONAL BLOCK DIAGRAM 
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PRODUCT SELECTOR GUIDE 


Three-State 

Part Number Am27S29SA Am27S29A Am27S29 

Address Access 30 ns 40 ns 35 ns 45 ns 55 ns 70 ns 

Time 

Operating 
ae 


Publication # Rev. Amendment 
5-98 03328 D /0 
Issue Date: January 1989 


CONNECTION DIAGRAMS 


Top View 
DIPs* Loc*™* 
[>] 
"gir ages doe ar 
Bi oy 
2 20 
Ag Ag 
Qo As 
Q, re} 
Q2 Q, 
10 
S 
roi z a. a8 
©D000681 CD000691 


“Also available in a 20-pin Flatpack. Pinout identical to DIPs. 
**Also available in a 20-pin PLCC. Pinout identical to LCC. 


Note: Pin 1 is marked for orientation. 


LOGIC SYMBOL 


Ag A; Ag Az Ag As Ag Az Ag 


512 X 8 PROM 


Qo GQ, Q2 Q, Q, A; A Q, 


LS000141 


Am27S29/Am27S29A/Am27S29SA 5-99 


ORDERING INFORMATION 


Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


A x 2 o B 
ee OPTIONAL PROCESSING 
. Blank = Standard processing 
B = Burn-in 
d. TEMPERATURE RANGE 
C = Commercial (0 to + 75°C) 
c. PACKAGE TYPE 
P = 20-Pin Plastic DIP (PD 020) 
D = 20-Pin Ceramic DIP (CD 020) 
L = 20-Pin Ceramic Leadiess Chip Carrier 
(CL 020) 
J = 20-Pin Plastic Leaded Chip Carrier 
(PL 020) 
b. SPEED OPTION 


SA = 30 ns 
A=35 ns 
Blank = 55 ns 


AM27S29 


a. DEVICE NUMBER/DESCRIPTION 
512x8 Bipolar PROMs 
Am27S29 = Three State 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific combinations, to 
check on newly released valid combinations, and to obtain 
additional data on AMD's standard military grade products. 


PC, PCB, DC, DCB, 
LC, LCB, JC, JCB 
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ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. CPL (Controlled Products List) products are processed 
in accordance with MIL-STD-883C, but are inherently non-compliant because of package, solderability, or surface treatment 
exceptions to those specifications. The order number (Valid Combination) for APL products is formed by a combination of: 

a. Device Number 

b. Speed Option (if applicable) 

c. Device Class 

d. Package Type 


e. Lead Finish 
AM27S29 A /B R. A 
eae LEAD FINISH 
A = Hot Solder Dip 
d. PACKAGE TYPE 
R = 20-Pin Ceramic DIP (CD 020) 
S = 20-Pin Ceramic Flatpack (CF 020) 
2 = 20-Pin Ceramic Leadless Chip 
Carrier (CL 020) 
c. DEVICE CLASS 
/B =Class B 
b. SPEED OPTION 
SA = 40 ns 
A=45 ns 
Blank = 70 ns 


a. DEVICE NUMBER/DESCRIPTION 
512 x 8 Bipolar PROMs 
Am27S29 = Three State 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 


Group A Tests 


Group A Tests consist of Subgroups 
Pera FES; 10.1: 


MILITARY BURN-IN 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. Test 
conditions are selected at AMD's option. 


PIN DESCRIPTION 


Ao-Ag Address (inputs) Vcc Device Power Supply Pin 
The 9-bit field presented at the address inputs selects one The most positive of the logic power supply pins. 
of 512 memory locations to be read from. GND Device Power Supply Pin 

Qo-Q7 Data Output Port The most negative of the logic power supply pins. 


The outputs whose state represents the data read from the 
selected memory locations. 


G Output Enable (Input) 
Provides direct contro! of the Q-output buffers. Outputs 
disabled forces all three-state outputs to a floating or high- 
impedance state. 


Enable = G 
Disable = G 
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ABSOLUTE MAXIMUM RATINGS 


OPERATING RANGES 


Storage Temperature ...................0.00000s -65 to + 150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (Ta) ...................0es 0 to +75°C 
Power Apple i055 ini eons -— 55 to +125°C ‘Supply Voltage (Vcc) ..............5. +4.75 V to +5.25 V 

SHINE VONMOME Sos ons bce ko Bean dtadewsosees -0.5 V to +7.0 V Military (M) Devices* 

a vee nepied = uipers Case Temperature (Tc) .............000e0e -55 to +125°C 
kExcept During Programming).-....—0.5 V to +Voc Max. Supply Voltage (VCC) ..sccccecsecseesees +4.5 V to +5.5 V 

DC Voltage Applied to Outputs 

Saar as ae During Se ae ae Operating ranges define those limits between which the 
Programming (Max. Duration of 1 sec) ............ 250 mA functionality of the device is guaranteed. 

ERS Ut VORBOS x. iss csvcsnesabasivskersvns. -0.5 V to +5.5 V 

EP AMES CAMMUNNE Siccacnices ss tuasdsasavoines -30 mA to +5 mA *Military product 100% tested at Tc =+25°C, +125°C, and 


Stresses above those listed under ABSOLUTE MAXIMUM 55°C. 


RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, Group A, 
Subgroups 1, 2, 3 are tested unless otherwise noted) 


Parameter Parameter 
Symbol Description Test Conditions Typ. 

Voc = Min., lon =-2.0 mA 

Vou (Note 1) Output HIGH Voltage Vin = Vin or Vit V 
Voc = Min., lop = 16 mA 
Guaranteed input logical HIGH 
Guaranteed input logical LOW 

input LOW Current Voo = Max, Vin = 0.45 V ees eee 2 SS 
Isc (Note 1) Output Short-Circuit Current Voc = Max., Vout = 0.0 V (Note 3) 


Power Supply Current Vane Mar GND 


input Clamp Votage | Voo=Min, y= 18 mA et 
ICEX Output Leakage Current Voc = Max. Vo = Vcc Sa See a uh 
va~24 V vour=0a¥ | | 
pF 


Vout = 2.0 V @ f=1 MHz (Note 4)Vcc = 5 V; 
ator | Output Capacitance Ta = 25°C 


Notes: 1. This applies to three-state devices only. 

2. Vi_ and Vip are input conditions of output tests and are not themselves directly tested. Vj_ and Vj} are absolute voltages with respect to 
device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values without suitable 
equipment. 

3. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 

4. These parameters are not 100% tested, but are periodically evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, 
Group A, Subgroups 9, 10, 11 are tested unless otherwise noted*) 


Parameter 
Description 


Delay from Output Enable 
Valid to Output Valid 


See also Switching Test Circuits. 
Notes: 1. Tests are performed with input transition time of 5 ns or less, timing reference levels of 1.5 V, and input pulse levels of 0 to 3.0 V 
using test load in Figure A. 
2. TGVQZ is measured at steady state HIGH output voltage -0.5 V and steady state LOW output voltage +0.5 V ouput levels using 
the test load in Figure B. 


*Subgroups 7 and 8 apply to functional tests. 
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SWITCHING TEST CIRCUITS 


5.0 v 5.0 v 
me S1 
names 308 2 
Output Output 
S®@ pF S$eaDNn aor Seen 
TC003442 TC003452 


A. Output Load for all A-C tests except 
TGVQZ 
Notes: 1. All device test loads should be located within 2” of device output pin. 


2. S; is open for Output Data HIGH to Hi-Z and Hi-Z to Output Data HIGH tests. 
S; is closed for all other AC tests. 


3. Load capacitance includes all stray and fixture capacitance. 


B. Output Load for TGVQZ 


SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROM H TOL 


MAY CHANGE 
FROML TOH 


DON'T CARE; 
ANY CHANGE 
PERMITTED 


OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


WILL BE 
CHANGING 
FROM L TOH 


CHANGING; 
STATE 


UNKNOWN 


CENTER 
DOES NOT LINE IS HIGH 
APPLY 


“OFF” STATE 
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Am27$S31/27S31A | Advanced 


Micro 
(512x8) Bipolar PROM Devices 


DISTINCTIVE CHARACTERISTICS 


@ High speed — 35 ns max commercial range access time @ High programming yield 
@ Excellent performance over full military and commercial @ Low current PNP inputs 

ranges @ High current and three-state outputs 
@ Highly reliable, ultra-fast programming Platinum-Silicide @ Fast chip select 

fuses 


GENERAL DESCRIPTION 


The Am27S31 (512 words by 8 bits) is a Schottky TTL of satisfying the requirements of a variety of micropro- 
Programmable Read-Only Memory (PROM). grammable controls, mapping functions, code conversion, 

or logic replacement. Easy word-depth expansion is facili- 
This device is available in three-state output version tated by both active LOW (Gq and Ga) and active HIGH (Gg 
compatible with low-power Schottky bus standards capable and G4) output enables. 


BLOCK DIAGRAM 
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PRODUCT SELECTOR GUIDE 


Part Number Am27S31A Am27S31 
Address 

Se [em [em [em | om 
Operating 

SE ee ee 


icati Rev. Amendment 
03207 D /0 
Issue Date: January 1989 
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CONNECTION DIAGRAMS 
Top View 


DIPs* LCCs** 


CD009461 


CD000711 


CD000701 


*Also available in a 24-Pin Flatpack. Pinout identical to DIPs. 
**Also available in a 28-Pin Square PLCC. Pinout identical to LCC. 


Note: Pin 1 is marked for orientation. 


LOGIC SYMBOL 


Ag A; Ag Az Ag As Ag Az Ag 


512 X 8 PROM 


Qo GQ, G2 GQ; Q, As Ag Q, 


LS000151 


Vcoc/ = Power Supply 
GND/ = Ground 
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ORDERING INFORMATION 


Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 


b. Speed Option (if applicable) 


. Package Type 


. Optional Processing 


c 
d. Temperature Range 
e 
f 


. Alternate Packaging Option 


AM27S31 A 1. C 


a. DEVICE NUMBER/DESCRIPTION 
Am27S31/Am27S31A 
512x8 Bipolar PROM 


Valid Combinations 


PC, PCB, DC, DCB, 
LC, LC-S, LCB, LCB-S, 
JC, JCB 


AM27S31 
AM27S31A 


. ALTERNATE PACKAGING OPTION 


-S = 28-Pin Ceramic Leadiess Chip 
Carrier (CLT028) 


. OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 


. TEMPERATURE RANGE 


C = Commercial (0 to + 75°C) 


. PACKAGE TYPE 


P = 24-Pin Plastic DIP (PD 024) 

D = 24-Pin Ceramic DIP (CD 024) 

L = 32-Pin Rectangular Ceramic Leadiess Chip 
Carrier (CLRO32) 

J = 28-Pin Plastic Leaded Chip Carrier (PL 028) 


. SPEED OPTION 


A=35 ns 
Blank = 55 ns 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released valid combinations, 
and to obtain additional data on AMD's standard military 


grade products. 
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Am27S31/27S31A 


MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) 
for APL products is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Device Class 

d. Package Type 


e. Lead Finish 


A 
te LEAD FINISH 


AM27S31 A /B J 


a. DEVICE NUMBER/DESCRIPTION 
Am27S31/Am27S31A 
512x8 Bipolar PROM 


Valid Combinations 
AM27S31 /BJA, /BKA, 
AM27S31A /BUA, /B3A 


MILITARY BURN-IN 


A = Hot Solder Dip 


d. PACKAGE TYPE 
J = 24-Pin Ceramic DIP (CD 024) 
K = 24-Pin Ceramic Flatpack (CFM024) 
U = 32-Pin Rectangular Ceramic Leadless Chip 
Carrier (CLRO32) 
3 = 28-Pin Square Ceramic Leadiess Chip Carrier 
with Thinner Ceramic Thickness (CLT028) 


c. DEVICE CLASS 
/B =Class B 


b. SPEED OPTION 
A=45 ns 
Blank = 70 ns 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 


Group A Tests 


Group A tests consist of Subgroups 
Tyre os fi Be es Fs 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. Test 


conditions are selected at AMD's option. 


PIN DESCRIPTION 


Ago-Ag _ Address Inputs 
The 9-bit field presented at the address inputs selects one 
of 512 memory locations to be read from. 


Qo9-Q7 Data Output Port 
The Outputs whose state represents the data read from the 
selected memory locations. 


Gi, G2, G3, Gq Output Enable 
Provides direct control of the Q-output buffers. Outputs 
disabled forces all three-state outputs to a floating or high- 
impedance state. 


Am27S31/27S31A 


Enable = Gj - Go * G3 + Gg 


Disable = G;*Go°G3"G4 
= G1+ Got G3t+ Gy 


Vcc Device Power Supply Pin 
The most positive of the logic power supply pins. 


GND Device Power Supply Pin 
The most negative of the logic power supply pins. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature ..................ccceeeee ees -65 to +150°C 
Ambient Temperature with 

POINOE PING co atid oceciccosoavieresds is ceaahe -55 to +125°C 
oe a a RS eee pee -0.5 V to +7.0 V 
DC Voltage Applied to Outputs 

(Except During Programming)....... -0.5 V to +Vcc Max. 
DC Voltage Applied to Outputs 

GRIPES PVP EIT UNWIN oss vv ab cao s ca 0a s cans edsaacees 21 V 
Output Current into Outputs During 

Programming (Max Duration of 1 sec) ............. 250 mA 
DG input VORAIE oii. ciccis cc ccevesseceeees -0.5 V to +5.5 V 
eg Re Re eres -30 mA to +5 mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


OPERATING RANGES 


Commercial (C) Devices 


Ambient Temperature (Ta) ................00008s 0 to +75°C 

Supply Voltage (Vcc) .............05 +4.75 V to +5.25 V 
Military (M) Devices* 

Case Temperature (TC) .............:..eeee -55 to +125°C 

Supply Voltage (VCC) ..............eeee +45 V to +55 V 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


*Military Product 100% tested at Tc = +25°C, +125°C, and 
- 55°C. 


DC CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, Group A, 


Subgroups 1, 2, 3 are tested unless otherwise noted) 


Parameter Parameter 
Symbol Description Test Conditions Typ. 
Sa a le aes 
Guaranteed input logical HIGH 
Guaranteed input logical LOW 
Input LOW Current Voc = Max., Vin = 0.45 V 


= ees Input HIGH Current Voc = Max., Vin = 2.7 V -_——}——— 
ee Output Short-Circuit Current Voc = Max., ee tut = 0.0 V (Note 3) | =20 | 


Input Clamp Voltage Vcc = Min, eee =-18 mA 
ares FS a eee Sees Se 


oe 
Soi Sas Sees rows See Ss 


Vin = 2.0 V @ f=1 MHz (Note - 
Input Capacitance Voc =5 V, Ta = 25°C : 
p 
Vout = 2.0 V @ f=1 MHz (Note 4) 
Output Capacitance Voc = 5 V, Ta = 25°C 


Notes: 1. This applies to three-state devices only. 
2. Vi_ and Viy are input conditions of output tests and are not themselves directly tested. Vj, and Vj are absolute voltages with respect to 
device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values without suitable equipment. 
. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where capacitance 
may be affected. 


mA 


m 
m 


m 


Output Leakage Current 


-W 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, 
Group A, Subgroups 9, 10, 11 are tested unless otherwise noted*) 


Am27S31A Am27S31 
COM'L comM'L {| ML | 


Parameter Parameter pork a pray pas fg ey Pay 
Symbol Description 
2 EC Nw 
EN cl Fendi Be 2 MO 
Ela OS 


See also Switching Test Circuits. 
Notes: 1. Tests are performed with input transition time of 5 ns or less, timing reference levels of 1.5 V, and input pulse levels of 0 to 3.0 V 
using test load in A under Switching Test Circuits. 


2. TGVQZ is measured at steady state HIGH output voltage -0.5 V and steady state LOW output voltage +0.5 V ouput levels using the 
test load in B under Switching Test Circuits. 


“Subgroups 7 and 8 apply to functional tests. 


SWITCHING TEST CIRCUITS 


aa 5.0 V 
2 | | 
$1 Sl 
300 A 320 9 
Output Output 
es pF $620N Sef > Seen 8 

TC003442 TC003452 

A. Output Load for all A-C tests B. Output Load for TGVQZ 


except TGVQZ 


Notes: 1. All device test loads should be located within 2” of device output pin. 


2. S; is open for Output Data HIGH to Hi-Z and Hi-Z to Output Data HIGH tests. 
S; is closed for all other AC tests. 


3. Load capacitance includes all stray and fixture capacitance. 


Am27S831/27S31A 5-109 


SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


MUST BE WILL BE 
STEADY STEADY 


MAY CHANGE WILL BE 
FROMHTOL CHANGING 
FROM H TOL 


may CHANGE WILL BE 
FROML TOH CHANGING 
FROM L TOH 


DON'T CARE; CHANGING; 
ANY CHANGE STATE 
PERMITTED UNKNOWN 


CENTER 
DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 

“OFF” STATE 


KS000010 
ADDRESS \X/ KKK KK / 
ee x CXR 
Qg - Q7 KOK > ee DE A 


© 


—_ Sees 
Gi, Sa 


WF021260 
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ct 


Am27S$33/27S33A Advanced 


Micro 
4,096-Bit (1024x4) Bipolar PROM Devices 
DISTINCTIVE CHARACTERISTICS 

@ High speed @ Low-current PNP inputs 
@ Highly reliable, ultra-fast programming Platinum-Silicide @ High-current open-collector and three-state outputs 
fuses @ Fast chip select 


@ High programming yield 


GENERAL DESCRIPTION 


The Am27S33 (1024 words by 4 bits) is a Schottky TTL ments of a variety of microprogrammable controls, mapping 
Programmable Read-Only Memory (PROM). functions, code conversion, or logic replacement. Easy 
word-depth expansion is facilitated by active LOW (Gj & 


This device is available in three-state (Am27S33) output Go) output enables 


versions. These outputs are compatible with low-power 
Schotkky bus standards capable of satisfying the require- 


BLOCK DIAGRAM 


Ag. — 
Ags cc 64 X 64 
g 
jh on PROGRAMMABLE 
i — 4 
rig os ARRAY 
A4 7 
Ss | SS ee 

Az 

1; OF 16 
Oe en ae 4 - 1 of 16 MULTIPLEXERS 
Ay coca 

DECODER 
Ag —s 
To 
Ga ty 


Qg Qi Q2 Q3 
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PRODUCT SELECTOR GUIDE 


Three-State 
Dest Shanker Am27S33A Am27S33 


Publication # Rev. Amendment 
03226 D /0 
Issue Date: January 1989 
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CONNECTION DIAGRAMS 
Top View 


DIPs* Lcc** 


A, Ag 
A3 Ay 
Ay Qo 
Ay NC 
A2 Q, 
10 
Et 4 
lo 2 ie a. ey 
€0000721 CD000731 


*Also available in 18-pin Flatpack. Pinout identical to DIPs. 
**Also available in a 20-pin square PLCC. Pinout identical to LCC. 


Note: Pin 1 is marked for orientation. 


LOGIC SYMBOL 


SEXSRTERUS 


8 
2 


LS002500 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM27S33 A P cL B 


eee OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 
d. TEMPERATURE RANGE 


C = Commercial (0 to + 75°C) 


c. PACKAGE TYPE 
P = 18-Pin Plastic DIP (PD 018) 
D = 18-Pin Ceramic DIP (CD 018) 
F = 18-Pin Flatpack (CF 018) 
L = 20-Pin Ceramic Leadiess Chip Carrier (CL 020) 
J = 20-Pin Plastic Leaded Chip Carrier (PL 020) 


b. SPEED OPTION 
A=35 ns 
Blank = 55 ns 


a. DEVICE NUMBER/DESCRIPTION 
Am27S33/Am27S33A 
1024 x 4 Bipolar PROM 


Valid Combinations 


Valid Combinations Valid Combinations list configurations planned to be 


AM27S33 PC, PCB, DC, DCB, 


supported in volume for this device. Consult the local AMD 

FC, FCB, LC, LCB, JC, sales office to confirm availability of specific valid 
AM27S33A JCB combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 
products. 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) 
for APL products is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Device Class 

d. Package Type 


e. Lead Finish 
AM27S33 A pick NV A 
ae LEAD FINISH 
A= Hot Solder Dip 
d. PACKAGE TYPE 
V = 18-Pin Ceramic DIP (CD 018) 
Y = 18-Pin Ceramic Flatpack (CF 018) 
2 = 20-Pin Ceramic Leadless Chip Carrier (CL 020) 
c. DEVICE CLASS 
/B=Class B 
b. SPEED OPTION 
A= 45 ns 
Blank = 70 ns 


a. DEVICE NUMBER/DESCRIPTION 
Am27S33/Am27S33A 
1024 x4 Bipolar PROM 


Valid Combinations 


Valid Combinations 


Valid Combinations list configurations planned to be 


cha supported in volume for this device. Consult the local AMD 


AM27S33A /B2A sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 


Group A Tests 


Group A tests consist of Subgroups 
152,93; F-38810, 41 


MILITARY BURN-IN 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. Test 
conditions are selected at AMD's option. 


PIN DESCRIPTION 


Ag-Ag Address Inputs and all three-state outputs to a floating or high-impedance 
The 10-bit field presented at the address inputs selects one state. 
of 1024 memory locations to be read from. Enable = G; - Go 

Q9-Q3 Data Output Port Disable = G; + Go 
The outputs whose state represents the data read from the =G; + Go 


selected memory locations. Vcc Device Power Supply Pin 


Gi,G2 Output Enable The most positive of the logic power supply pins. 
Provides direct control of the Q-output buffers. Outputs GND Device Power Supply Pin 
disabled forces all open-collector outputs to an OFF state The most ‘negative of the logic power supply pins. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature ...................0.00ecee -~65 to +150°C Commercial (C) Devices 
Ambient Temperature with Ambient Temperature (Ta) ...................6. 0 to +75°C 
Power ADpled s<ccccsotsrasccnes -55 to +125°C Supply Voltage (VCC) ...-.--...-eseee +475 V to +5.25 V 
CONE NGUEOS coisa ee -9.5 V to +7.0 V Milita a 
; ry (M) Devices 
ero pater ie tae Knee ee ee Case Temperature (TC) ........0...c.00eee- -~55 to +125°C 
See — es Supply Voltage (VCC) .......-...00.0- $4.5 V to +5.5 V 
DC Voltage Applied to Outputs aes ge (Vcc) 
EMITS PROPANE 5 ins cava yao nae saga Vinas suns sigttates 21 V ce 
Output Current into Outputs During Aiea wee those — a which the 
Programming (Max Duration of 1 sec)............. 250 mA a ee See Se ee 
COE UE VOUS wseccccdaccecses -casancoses an -0.5 V to +55 V = = = 
be-iigt Guede -30 mA to +5 mA Military Product 100% tested at Tc = + 25°C, + 125°C, 


and -—55°C. 
Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, Group A, 
Subgroups 1, 2, 3 are tested unless otherwise noted) 


A 
Symbol Description Test Conditions Typ. 

ae a cas ee 
Aon he | oa 
ve [rm tow tent | Sage orapw oe) 
2 =a 
Elie = 


Input LOW Current Voc = Max., Vin = 0.45 V 
Input HIGH Current Voc = Max., Vin = 2.7 V 


pee 1) Output Short-Circuit Current Vcc = Max., Vout = 0.0 V (Note 2) _20 
All inputs = GND, COM'L 
ee ee ee Vcc = Max. = See 


= S24 Input Clamp Voltage Voc = Min., lin =-18 mA 


: Vo =2.4 V 
. (Note 1) 
: Vo =0.4 V 
- Vin = 2.0 V @ f=1 MHz (Note 3) 
ea aa edies Voc =5 V, Ta= 25°C : F 
p 
Vout = 2.0 V @ f=1 MHz (Note 3) 
Output Capacitance Voc =5 V, Ta = 25°C 


Notes: 1. Vi, and Vip are input conditions of output tests and are not themselves directly tested. Vij, and VjH are absolute voltages with respect to device 
ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values without suitable equipment. 
2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where capacitance 
may be affected. 


SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, 
Group A, Subgroups 9, 10, 11 are tested unless otherwise noted*) 


Am27S33A Am27S33 
COWL COML 


Parameter 
Description 


Ss I 
Address Valid to Output Valid 

3: a ee 
Delay from Output Enable Valid to 
Delay from Output Enable Valid to 

rovey | Se cE te) [=] [=| [aia 


See also Switching Test Circuit. 
Notes: 1. Tests are performed with input transition time of 5 ns or less, timing reference levels of 1.5 V, and input pulse levels of 0 to 3.0 V. 


*Subgroups 7 and 8 apply to functional tests. 
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SWITCHING TEST CIRCUIT 


Sy 
Ry 
300 £2 
OUTPUT 
Ro 
8 | 600 () 
TCO00171 


Notes: 1. TAVQV is tested with switch S; closed and C; = 50 pF. 
2. For three-state outputs, TGVQV is tested with C, = 50 pF to the 1.5 V level; S; is open for high 
impedance to HIGH tests and closed for high impedance to LOW tests. TGVQZ is tested with 
Ci =5 pF. HIGH to high-impedance tests are made with S; open to an output voltage of steady 


state HIGH -0.5 V; LOW to high-impedance tests are made with S; closed to the steady state 
LOW +0.5 V level. 


SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORM 


WAVEFORM 


INPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROMH TOL 


MAY CHANGE 
FROML TOH 


DON'T CARE; 
ANY CHANGE 
PERMITTED 


DOES NOT 
APPLY 


OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


WILL BE 
CHANGING 
FROML TOH 


CHANGING, 
STATE 
UNKNOWN 


CENTER 
LINE IS HIGH 
IMPEDANCE 
“OFF” STATE 


KS000010 


a eee ee 
© 


PUTS — SRRXRXNOL Hinz XX 
Gorn es RSBBAROK VAEED outer _} R veean. meet OK 
@ 


WF021250 
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Am27S35/S35A/Am27S$37/S37A 4" 


Advanced 
8,192-Bit (1024x8) Bipolar Registered PROM Micro 
with Programmable INITIALIZE Input Devices 


DISTINCTIVE CHARACTERISTICS 


@ Slim, 24-pin, 300-mil lateral center package occupies @ Versatile programmable asynchronous or synchronous 


approximately 1/3 the board space required by standard enable for simplified word expansion 

discrete PROM and register @ Buffered common INITIALIZE input either asynchronous 
@ Consumes approximately 1/2 the power of separate (Am27S35) or synchronous (Am27S37) 

PROM/register combination for improved system reli- ®@ Platinum-Silicide fuses guarantee high reliability, fast 

ability programming and exceptionally high programming 


yields (typ. > 98%) 


GENERAL DESCRIPTION 


The Am27S35 and the Am27S37 (1024 words by 8 bits) are stores where instruction execute and instruction fetch are 
fully decoded, Schottky array, TTL Programmable Read- performed in parallel. 

Only Memories (PROMs), incorporating D-type master- 
slave data registers on chip. These devices have three- 
state outputs compatible with low-power Schottky bus 
standards capable of satisfying the requirements of a 


To offer the system designer maximum flexibility, these 
devices contain both asynchronous (G) and synchronous 
(Gs) output enables. 


variety of microprogrammable controls and state machines. These devices contain a single pin initialize function capa- 
ble of loading any arbitrary microinstruction for system 
These devices contain an 8-bit parallel data register in the interrupt or initialization. On the Am27S35 this function 


array-to-output path which allows PROM data to be stored operates asynchronously, independent of clock. The 
while other data is being addressed. This meets the Am27S37 provides synchronous operation of this function. 


requirements for pipelined microprogrammable control Upon power-up the outputs (Qg - Q7) will be in a floating or 
high-impedance state. 


BLOCK DIAGRAM 
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PRODUCT SELECTOR GUIDE 


Part Number Asynchronous Initialize 
PAddress Setup Time | 35 ns | 40 ns 
[Clock-to-Output Delay | 20 ns 


Issue Date: January 1989 
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CONNECTION DIAGRAMS 
Top View 


DIPs* LCCs** 


| & 


CD000741 


CD000751 CD009620 


*Also available in a 24-pin Flatpack. Pinout identical to DIPs. 
**Also available in a 28-pin Square PLCC. Pinout identical to LCC. 


Note: Pin 1 is marked for orientation. 


LOGIC SYMBOL 


Ag Ay Az Ag Ag As Ag Az Ag Ag 


Qo 


Q; Q2 Q@3 GQ Qs GQ QQ 


LS000172 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 

f. Alternate Packaging Option 


AM27S35 A ke Cc B -S 


f. ALTERNATE PACKAGING OPTION 
-S = 28-Pin Square Ceramic Leadless Chip 


Carrier with Thinner Ceramic Thickness 
(CLTO28) 
e. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 
d. TEMPERATURE RANGE 
C =Commercial (0 to + 75°C) 
c. PACKAGE TYPE _ 
P = 24-Pin (300-Mil) Plastic DIP (PD3024) 
D = 24-Pin (300-Mil) Ceramic DIP (CD3024) 
L = 32-Pin Rectangular Ceramic Leadiess Chip 
Carrier (CLRO32) 
J = 28-Pin Plastic Leaded Chip Carrier (PL 028) 


b. SPEED OPTION 
A= 35 ns setup time/20 ns clock-to-output 
Blank = 40 ns setup time/25 ns clock-to-output 


a. DEVICE NUMBER/DESCRIPTION 
Am27S35/Am27S37 
8,192-Bit (1024 x 8) Bipolar Registered PROM with Programmable 
INITIALIZE Input 
Am27S35 = Asynchronous Initialize 
Am27S37 = Synchronous Initialize 


Valid Combinations 


Valid Combinations 


Valid Combinations list configurations planned to be 


supported in volume for this device. Consult the local AMD 
DC, DCB, PC, PCB, 


LC. LCB, LCS, LCB-S, sales office to confirm availability of specific valid 

JC, JCB combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 
products. 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL: 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) 
for APL products is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Device Class 

d. Package Type 

e. Lead Finish 


AM27S35 A /B L A 


Boas LEAD FINISH 
A= Hot Solder Dip 
d. PACKAGE TYPE 


L = 24-Pin (300-Mil) Ceramic DIP (CD3024) 

U = 32-Pin Rectangular Ceramic Leadiess 
Chip Carrier (CLRO32) 

3 = 28-Pin Square Ceramic Leadiess Chip Carrier 
with Thinner Ceramic Thickness (CLT028) 

K = 24-Pin Flatpack (CFM024) 


c. DEVICE CLASS 
/B =Class B 


b. SPEED OPTION 
A= 40 ns setup time/25 ns clock-to-output 
Blank = 45 ns setup time/30 ns clock-to-output 


a. DEVICE NUMBER/DESCRIPTION 
Am27S35/Am27S37 
8,192-Bit (1024 x 8) Bipolar Registered PROM with Programmable INITIALIZE Input 


Am27S35 = Asynchronous Initialize 
Am27S37 = Synchronous Initialize 


Valid Combinations 


Valid Combinations Valid Combinations list configurations planned to be 
AM27S35 supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 


AM27S35A /BLA, /BKA 
AM27S37 /BUA, /B3A 
AM27S37A 


Group A Tests 
Group A tests consist of Subgroups 


1, 2,-3.7, .8,-3 10-11. 
MILITARY BURN-IN 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. Test 
conditions are selected at AMD's option. 
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PIN DESCRIPTION 


Ag-Ag_ Address Inputs 
The 10-bit field presented at the address inputs selects one 
of 1024 memory locations to be read from. 


K Clock 
The clock is used to load data into the parallel registers from 
the memory array. Data transfer occurs on the LOW-to- 
HIGH transition of K. 


Qo-Q7 Data Output Port 
Parallel data output from the pipeline register. The disabled 
state of these outputs is floating or high impedance. 


G Asynchronous Output Enable 
Provides direct control of the Q-output, three-state drivers 
independent of K. 


Gs Synchronous Output Enable 
Controls the state of the Q-output, three-state drivers in 
conjunction with K. This is useful where more than one 
registered PROM is bussed together for word-depth 


FUNCTIONAL DESCRIPTION 


The Am27S35A/35 and Am27S37A/37 are Schottky TTL 
programmable read only memories (PROMs) incorporating 
true D-type, master-slave data registers on chip. These 
devices feature the versatile 1024-word by 8-bit organization 
and are available with three-state outputs. Designed to opti- 
mize system performance, these devices also substantially 
reduce the cost and size of pipelined microprogrammed 
systems and other designs where accessed PROM data is 
temporarily stored in a register. The Am27S35A/35 and 
Am27S837A/37 also offer maximum flexibility for memory 
expansion and data bus control by providing both synchro- 
nous and asynchronous output enables. 


When Vcc power is first applied, the synchronous enable (Gs) 
flip-flop will be in the set condition causing the outputs 
(Qo-Q7) to be in the OFF or high-impedance state. This 
occurs regardless of the state of the asynchronous enable 
input. A LOW-to-HIGH transition of the clock input (K) while 
Gs input is low is required after power-up in order to enable 
the outputs to an active state. Reading data is accomplished 
by first applying the binary word address to the address inputs 


(Ap-Ag) and a logic LOW to the synchronous enable (Gs). 


During the address setup time, stored data is accessed and 
loaded into the master flip-flops of the data register. Since the 
synchronous enable setup time is less than the address setup 
requirement, additional decoding delays may occur in the 
enable path without reducing memory performance. Upon the 
next LOW-to-HIGH transition of the clock (K), data is trans- 
ferred to the slave flip-flops which drive the output buffers. 
Provided that the asynchronous enable (G) is also LOW, 
stored data will appear on the outputs (Qo-Q7). If (Gs) is HIGH 
when the positive clock edge occurs, outputs go to the OFF or 
high-impedance state regardless of the value of (G). The 
outputs may be disabled at any time by switching (G) to a 
HIGH level. Following the positive clock edge, the address 
and synchronous enable inputs are free to change; changes 
will not affect the outputs until another positive clock edge 


Am27S35/S35A/Am27S37/S37A 


expansion. In this case, the enable becomes the most 
significant address bit and, as such, must be synchronized 
with the data. 


| Asynchronous Initialize (Am27S35) 
Control pin used to initialize the output data registers from a 
programmable word independent of K. This can be used to 
generate any arbitrary microinstruction for system interrupt 
or initialization. 


Is Synchronous Initialize (Am27S37) 
Control pin used to initialize the output data registers from a 
programmable word in conjunction with K. This can be used 
to generate any arbitrary microinstruction for system 
interrupt or initialization. 


Vcc Device Power Supply Pin 
The most positive of the logic power supply pins. 


GND Device Power Supply Pin 
The most negative of the logic power supply pins. 


occurs. This unique feature allows the PROM decoders and 
sense amplifiers to access the next location while previously 
addressed data remains stable on the outputs. For less 
complex applications either enable may be effectively elimi- 
nated by tying it to ground. 


These devices also contain a built-in initialize function. When 
activated, the initialize control input (I) causes the contents of 
an additional (1025th) 8-bit word to be loaded into the on-chip 
register. This extra word is user programmable. Since each bit 
is individually programmable, the initialize function can be 
used to load any desired combination of HIGHs and LOWs 
into the register. In the unprogrammed state, activating | will 
perform a register CLEAR (all outputs LOW). If all bits of the 
initialize word are programmed, activating | performs a register 
PRESET (all outputs HIGH). 


This ability to tailor the initialize outputs to the system 
requirements simplifies system design and enhances perfor- 
mance. The initialize function is useful during power-up and 
timeout sequences. This flexible feature can also facilitate 
implementation of other sophisticated functions such as a 
built-in ''jump-start'’ address. 


The Am27S35A/35 has an asynchronous initialize input (1). 
Applying a LOW to the | input causes an immediate load of the 
programmed initialize word into the slave flip-flops of the 
register independent of all other inputs (including K). The 
initialize data will appear at the device outputs after the 
outputs are enabled by bringing the asynchronous enable (G) 
LOW. 


The Am27S37A/37 has a synchronous Ig input. Applying a 
LOW to the Is input causes an immediate load of the 
programmed initialize word into the master flip-flops of the 
register only independent of all other inputs (including K). To 
bring this data to the device outputs, the synchronous enable 
(Gs) should be held LOW until the next LOW-to-HIGH 
transition of the clock (K). Following this, the data will appear 
on the outputs after the asynchronous enable (G) is brought 
LOW. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature -65 to + 150°C 
Ambient Temperature with 

Power Applied 
Supply Voltage 
DC Voltage Applied to Outputs 

(Except During Programming)....... -0.5 V to +Voc Max. 


DC Voltage Applied to Outputs 


eee eee eee ee ee) 


ERIS SF PORONVITIINNG Goce cas voce tates ctcceescviscdasiersesss 21 V 
Output Current into Outputs During 
Programming (Max. Duration of 1 sec) ............ 250 mA 


DC ARGUE -VORROG ois. aces cen ensascdarcuasesss -0.5 V to +5.5 V 
DC input Current 


OPP eee eee eee ee 


OPERATING RANGES 


Commercial (C) Devices 
Ambient Temperature (Ta) 
Supply Voltage (Vcc) 

Military (M) Devices* 
Case Temperature (Tc) 
Supply Voltage (Vcc) 


0 to +75°C 
+4.75 V to +5.25 V 


-55 to + 125°C 
+45 V to +55 V 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


“Military product 100% tested at Tc = + 25°C, + 125°C, 
and -—55°C. 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, Group A, 
Subgroups 1, 2, 3 are tested unless otherwise noted) 


Output LOW Voltage 


Input HIGH Level 


Voc = Min., lon =-2.0 mA 
Vin = Vint or ViL 


Voc = Min., lo. = 16 mA 
Vin = Vin. or Vit 


Guaranteed input logical HIGH 

voltage for all inputs (Note 1) 

Guaranteed input logical LOW 
Input LOW Level voltage for all inputs (Note 1) 
Input LOW Current Voc = Max., Vin = 0.45 V 
Input HIGH Current Voc = Max., Vin = Voc 


Output Short-Circuit Current Voc = Max., Vout = 0.0 V (Note 2) 
Power Supply Current All inputs = GND, Voc = Max. 
Input Clamp Voltage Voc = Min., lin =-18 mA 


Voc = Max. 
VG=2.4 V 


Vin = 2.0 V @ f=1 MHz (Note 3) 
Voc = 5 V, Ta = 25°C 


Output Leakage Current 
Input Capacitance 
; VouT = 2.0 V @ f=1 MHz (Note 3) 
Output Capacitance Vcc =5 V, Ta = 25°C 


Vit and Vj} are input conditions of output tests and are not themselves directly tested. Vi, and Vj are absolute voltages with respect to 
device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values without suitable equipment. 
2. Only one output should be shorted at a time. Duration of the short-circuit test should not be more than one second. 

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
capacitance may be affected. 


Notes: 1. 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified (For APL Products, 
Group A, Subgroups 9, 10, 11 are tested unless otherwise noted”) (Note 1) 


Am27S35A/ Am27S35/ 
Parameter Parameter een a 
Symbol Description Min, | Max. | Min. | Max. | 


es Address to K HIGH Setup | COML | 95 0, | 40 
ape =. oe Se a Se ees 


Delay from K HIGH to 
Output Valid, for initially 

TKHOY; active outputs (HIGH or 
LOW) 


TKHKL K Pulse Width (HIGH or = $= Ses Ses Se ee SS 
TKLKH LOW) SSS = Ss SS = SE eae 
TGLQV LOW to Output Valid (HIGH 

or LOW) (See Note 3) = SSS Beas Se Se SSS 2 Se 
TGHQZ HIGH to Output Hi-Z 

(See Notes 2 & 3) SS See SS Ss Ss SS ES 


SM dees: oe ee 
(See Note 4) =. 5S ae Ss ee Eee Se ee 
A tel sou es a a 


(See Note 4) MIL 5 


TKHQV2 Output Valid, for initially Hi- 
amon: eee SS 2S Se ee ee 
TKHQZ — Hi-Z (See Notes 2 & eee 


Se eee 
= oa pot ON eee es ee ee | 
TIL i r ee 
ee pee ae 
oe Asynchronous | Recovery | COML | 20 | — | 2 | | 
eee ee es See Se es es 


(Soe Note 5) = aes ee aa es ee 


fee Note 6) 2 Se eee ees 


ee =e Ig to K HIGH Hold Time LT SS Ee SS SSS SS Se 
(See Note 6) 


See also Switching Test Circuits. 


Notes: 1. Tests are performed with input transition time of 5 ns or less, timing reference levels of 1.5 V, and input pulse levels of 0 to 
3.0 V using test load in A under Switching Test Circuits. 
2. TGHQZ and TKHQZ are measured at steady state HIGH output voltage -0.5 V and steady state gees output voltage +0.5 V 
output levels using the test load in B uncer Switching Test Circuits. 
. Applies only when Asynchronous Enable (G) function is used. 
. Applies only when Synchronous Enable (Gs) function is used. 
. Applies only to the Am27S35 (Asynchronous Initialize () version. 
. Applies only to the Am27S37 (Synchronous Initialize (ls)) version. 


Ooh Ww 


*Subgroups 7 and 8 apply to functional tests. 
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Output 


SWITCHING TEST CIRCUITS 


388 MN 


TC003442 


A. Output Load for All AC Tests Except TGHQZ 
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and TKHQZ 


388 Nn 
Output 


TC003452 


B. Output Load for TGHQZ and TKHQZ 


Notes: 1. All device test loads should be located within 2” of device output pin. 


2. Si is open for Output Data HIGH to Hi-Z and Hi-Z to Output Data HIGH tests. S; is closed for 
all other AC tests. 


3. Load capacitance includes all stray and fixture capacitance. 


SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROM H TOL 


MAY CHANGE 
FROML TOH 


DON'T CARE; 
ANY CHANGE 
PERMITTED 


DOES NOT 
APPLY 


OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


WILL BE 
CHANGING 
FROML TOH 


CHANGING; 
STATE 
UNKNOWN 


CENTER 
LINE IS HIGH 
IMPEDANCE 
“OFF” STATE 


KS000010 
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SWITCHING WAVEFORMS (Cont'd.) 


CLOCK \\ @ 
® 
Y 2) 
anpress 9 SXXKX NNR 
Fa a OY Waeisarsaeteloweaceooueeeeeneeene een 


x XK NS 


HI-z 
ee Se VALID OUTPUT }) VALID OUTPUT 


OUTPUT ENABLE an 
G 


WF021580 
Timing Set 1. Using Asynchronous Enable 
CLOCK @ 
3 ® 
a 5 
ADDRESS 2 CCC CC CCCCCCCCCCOVE XXXKK/ 
Ao Ag _KYALID ADRESS K RRR eee PRK 
TPUT y iba a © 
creat = Se OVER, 
S (7) 8) © 
OUTPUT ENABLE / \ 
= MMMM, LAA 
WF021611 


Timing Set 2. Using Synchronous Enable 


NE SL 
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SWITCHING WAVEFORMS (Cont'd.) 


CLOCK 4 
ee 
Ao BS a aan == Naaanaaar OS 
“ VALID ADDRESS ALID GaLrp anpress) 
AO As PRLS XX LK XX Meleend 
OUTPUTS VALID 
PUT 
Qg — C7 ids cca veo ples see cn z OUTPUT 


@) 
INITIALIZE eS) 
I 


WF021590 
Timing Set 3. Using Asynchronous Initialize 
Am27S35 Only 
CLOCK 
K 
acne 
Fa - As RK aaa AO OIE: BLT). ADDRES SSX \ 


2 PR 


ee Xa 
pai a ~ WIT 


Timing Set 4. Using Synchronous Initialize 
Am27S37 Only 


WF021601 
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Am27S$41/27S41A/27PS41 Advanced 


Micro 
16,384-Bit (4,096x4) Bipolar PROM Devices 
DISTINCTIVE CHARACTERISTICS 
@ Ultra-fast access time ''A'' version (35 ns Max.) @ Voltage and temperature compensated providing ex- 

@ Platinum-Silicide fuses guarantee high reliability, fast tremely flat AC performance over military range 
programming and exceptionally high programming @ Member of generic PROM series utilizing standard 
yields (typ > 98%) programming algorithm 


@ AC performance is factory tested utilizing programmed 
test words and columns 


GENERAL DESCRIPTION 


The Am27S41 (4,096 words by 4 bits) is a Schottky TTL mapping functions, code conversion, or logic replacement. 
Programmable Read-Only Memory (PROM). Easy word-depth expansion is facilitated by active LOW 


This device has three-state outputs compatible with low- (G1 & Gg) output enables. 


power Schottky bus standards capable of satisfying the As an APL product, this device is also offered in a power- 
requirements of a variety of microprogrammable controls, switched version, the Am27PS41. 


BLOCK DIAGRAM 


Aaj es 
Ai@ > 
A 
= 128 X 128 
Ap 5 ROW PROGRAMMABLE 
A7 tC >— DECODER ARRAY 
Ag ty 
As im 
Ag ty 
AZ C11 oF 32 
Aa rs COLUMN 
A, co DECODER 
Ag 7 


=e 
= sb a a Y, 


i f é 
Qg Qy Qo Q3 
BD006332 


*“E nomenclature applies only to Am27PS power-switched version. 
PRODUCT SELECTOR GUIDE 


Part Number Am27S41A Am27S41 Am27PS41 


Address Access 


operating Range | c | m | co | ™ 


Publication # Rev. Am m 
02122 D /0 


Issue Date: January 1989 
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CONNECTION DIAGRAMS 
Top View 


DIPs 


GNO 


CD000412 02122-001A 


CD011750 


Note: Pin 1 is marked for orientation. 


LOGIC SYMBOL 


LS000043 


“E nomenclature applies only to Am27PS power-switched version. 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM27S41 A D e 


B 
roa OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C = Commercial (0 to + 75°C) 


c. PACKAGE TYPE 
P = 20-Pin Plastic DIP (PD 020) 
D = 20-Pin Ceramic DIP (CD 020) 
J = 28-Pin Plastic Leaded Chip Carrier (PL 028) 


b. SPEED OPTION 
A=35 ns 
Blank = 50 ns 


a. DEVICE NUMBER/DESCRIPTION 
Am27S41/Am27S41A 
16,384-Bit (4,096 x 4) Bipolar PROM 


Valid Combinations 


Valid Combinations 
PC, PCB, 
AM27S41 DC. DCB. 
AM27S41A JC, JCB 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 
products. 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) 
for APL products is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 
. Device Class 
. Package Type 
. Lead Finish 


AM27S41 A /B R A 
pe LEAD FINISH 


A = Hot Solder Dip 


oao 


d. PACKAGE TYPE 
R = 20-Pin Ceramic Dip (CD 020) 


c. DEVICE CLASS 
/B =Class B 


b. SPEED OPTION 
A=50 ns 
Blank = 65 ns 


. DEVICE NUMBER/DESCRIPTION 
Am27S41/Am27S41A 
16,384-Bit (4,096 x 4) Bipolar PROM 
Am27PS41 
Power-switched 16,384-Bit (4,096 x 4) Bipolar PROM 


Valid Combinations 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 


AM27S41A /BRA sales office to confirm availability of specific valid 
AM27PS41 combinations or to check for newly released valid 


combinations. 


Group A Tests 


Group A tests consist of Subgroups 
1, 2477: & SAG st 


MILITARY BURN-IN 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. Test 
conditions. are selected at AMD's option. 
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PIN DESCRIPTION 


Ao-Aii1 Address Inputs 
The 12-bit field presented at the address inputs selects one 
of 4,096 memory locations to be read from. 


Qo9-Q3 Data Output Port 
The outputs whose state represents the data read from the 
selected memory locations. 


Gi, Ga Output Enable 
Provides direct control of the Q-output, three-state buffers. 
Outputs disabled forces all outputs to a floating or high- 


FUNCTIONAL DESCRIPTION 
Power Switching 


The Am27PS41 is a power-switched device, When the chip is 
selected, important internal currents increase from small idling 
or standby values to their larger selected values. This transi- 
tion occurs very rapidly, meaning that access times from the 
powered-down state are only slightly slower than from the 
powered-up state. Deselected, Icc is reduced to half its full 
operating amount . Due to this unique feature, there are 
special considerations which should be followed in order to 
optimize performance: 


Am27S41/27S41A/27PS41 


impedance state. On power-switched version, the disabled 
state reduces the Icc to Iccp. 


Enable = Gi * Go 
Disable = Gj - Go 
= G1°Go 


Vcc Device Power Supply Pin 
The most positive of the logic power supply pins. 


GND Device Power Supply Pin 
The most negative of the logic power supply pins. 


1.When the Am27PS41 is selected by a low level on Ej, a 
current surge is placed on the Vcc supply due to the power- 
up feature in order to minimize the effects of this current 
transient, it is recommended that a 0.1 yf ceramic capacitor 
be connected from pin 20 to pin 10 at each device. (See 
Figure 1.) 


2. Address access time (TAVQ1) can be optimized if a chip 
enable set-up time (TEVAV) of greater than 25 ns is 
ovserved. Negative set-up times on chip enable 
(TEVAV <0) should be avoided. (For typical and worse 
case characteristics, see Figures 2A and 2B.) 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature .................ccceeseeees -65 to +150°C Commercial (C) Devices 
Ambient Temperature with Ambient Temperature (Ta) .............20:eeeeee 0 to +75°C 

6 SL Seen ee eee —55 to +125°C Supply Voltage (Vcc) .............06 +4.75 V to +5.25 V 
SR IE rin ssa twares sa saster eter -0.5 V to +7.0 V Milit 

. ary (M) Devices 
rs ae ee ee Mee Case Temperature (Tc) ..............ceeee -55 to +125°C 
a 2 Bia Supply Voltage (Voc) ...........esee0 $4.5 V to +5.5 V 

DC Voltage Applied to Outputs MPR ge (Vcc) 

During Programming Bn AS Seats sAbshens ies bacenneeees 21 V Operating ranges define those limits between which the 
Output Current into Outputs During functionality of the device is guaranteed. 

Programming (Max. Duration of 1 sec) ............ 250 mA 
PKS AV ONBOG 5 oscccaccstisysicscs pire -0.5 V to + 55 V Military Products 100% tested at Tc =+25°C, +125°C, 
Soe Ba | Se ere are -30 mA to +5 mA and -55°C. 


DC CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, Group A, 
Subgroups 1, 2, 3 are tested unless otherwise noted) 


Parameter Parameter 
Symbol Description Test Conditions Typ. 
Voc = Min., lon = -2.0 mA 
Vol 
Voc = Min., lo. = 16 mA 


Guaranteed input logical HIGH voltage for all 
2 sete oe inputs (Note 3) 

Guaranteed input logical LOW voltage for all 
Bee es | he a inputs (Note 3) 


S Sees Input LOW Current Voc = Max., Vin = 0.45 V 
I | Input HIGH Current Voc = Max., Vin = Voc —— 


ane Voc = Max., Voyt = 0.0 V COM'L eS 2s 
Isc Output Short-Circuit Current (Note 1) Be SSS Ss See 


= Power Supply Current Voc = Max. All inputs = 0.0 V 
Am27PS Version Power Down | Voc = Max 
Cccp" Supply Current VE, = 2.4 V, All other inputs = 0.0 V 


| Vi __| Input Clamp Voltage Voc = Min., lin =-18 mA SS 


ICEX Output Leakage Current 


Fin | Input Capacitance vn aye ae MHz (Note 2) 


Notes: = Not more than one output should be shorted at a time. Duration of the short circuit test should not be more than one second. 
2. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
capacitance may be affected. 
3. Vi_ and Vi are input conditions of output tests and are not themselves directly tested. Vj, and Vj} are absolute voltages with respect to 
device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values without suitable equipment. 
* For Am27PS41, APL only. 


SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, 
Group A, Subgroups 9, 10, 11 are tested unless otherwise noted*) 


27S Version 27PS Version 
a eae Te ee Se 
Symbol Description Version | Min. | Max. | Min. | Max. | Min. | Max. | 


[+_| roar | stem vet oan vets me app 


fo | raver | Delay from Output Enable Valid to Output Hi-Z SS SS = Se 


fe | rovav Delay from Output Enable Valid to Output Valid CODERS Eamets 7 Sn ere 


Power Switched Address Valid to Output Vaid | A | | | | ff | 
TAVOV' | Access Time (Am27PS Versions only) es ee ee ees Se eS 
See also Switching Test Circuit. 


Notes: 1. Tests are performed with input transition time of 5 ns or less, timing reference levels of 1.5 V, and input pulse 
levels of 0 to 3.0 V. 
“Subgroups 7 and 8 apply to functional tests. 
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SWITCHING TEST CIRCUIT 


300 1) 


OUTPUT 


600 {) 


TC000171 


Notes: 1. TAVQV is tested with switch S; closed and C, = 50 pF. TEVAV is defined as chip enable setup time. 
2. For the three-state output, TGVQV is tested with C_ = 50 pF to the 1.5 V level; S; is open for high-impedance to HIGH tests and 
closed for high-impedance to LOW tests. TGVQZ is tested with C_ = 5 pF. HIGH to high-impedance tests are made with S1 open 


to an output voltage of steady state HIGH —0.5 V; LOW to high-impedance tests are made with S, closed to the steady state LOW 
+0.5 V level. 


SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROMH TOL 


MAY CHANGE 
FROML TOH 


DON’T CARE; 
ANY CHANGE 
PERMITTED 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


WILL BE 
CHANGING 
FROML TOH 


CHANGING; 
STATE 
UNKNOWN 


CENTER 
DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 

“OFF” STATE 


KS000010 


TEVAY 


2 Be 


Boe eS OCRRRR OK ee oureuT_| = XK 
Bos RRR ere covrur |) vaio ouTeut X SOK 


WF021670 
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Am27S43/27S43A Advanced 


| Micro 
32,/68-Bit (4096x8) Bipolar PROM Devices 


DISTINCTIVE CHARACTERISTICS 


@ Ultra-fast access time @ Platinum-Silicide fuses guarantee high reliability, fast 
@ Voltage and temperature compensated providing ex- programming and exceptionally high programming 
tremely flat AC performance over military range yields (typ > 98%) 


GENERAL DESCRIPTION 


The Am27S43 (4096 words by 8 bits) is a Schottky TTL This device has three-state outputs compatible with low- 
Programmable Read-Only Memory (PROM). power Schottky bus standards capable of satisfying the 
requirements of a variety of microprogrammable controls. 


BLOCK DIAGRAM 


Ait 


> 
Ai@ cD 
ee 128 X 256 
As ROW PROGRAMMABLE 
ae DECODER ARRAY 
As —) 
As = 

5 Se | Se SS a i ee ae 

Ag ce 
AS C—11 OF 32 
A> cm COLUMN 8-4-6 ¥-'S2 MUL TIPEEXERS 
A, co DECODER 
Ag —) 


aoa 
soley lsrlsr lay slab lab 
po tp 


Pas 4 
Qg 98, A 3 O24 As GG QQ? 
BD006310 


PRODUCT SELECTOR GUIDE 


Part Number Am27S43A Am27S43 


C 


Address 
Access Time 
Me |= ee 


Publication # Rev. Amendment 
03190 D /0 
Issue Date: January 1989 
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CONNECTION DIAGRAMS 
Top View 
DIPs* : LCCs 


Eg?Fe? 


FAN it ee gm a! A 
a nr a | 


CD000501 CbD009490 


CD000511 
*Also available in 24-Pin Flatpack. Pinout identical to DIPs. 


Note: Pin 1 is marked for orientation. 


LOGIC SYMBOL 


LS002401 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) 
is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 

f. Alternate Packaging Option 


AM27S43 A Dd Cc 8. -s 
ee f. ALTERNATE PACKAGING OPTION 
-S = 28-Pin Square Ceramic Leadiess Chip 
Carrier with Thinner Ceramic Thickness (CLT028) 
e. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 
d. TEMPERATURE RANGE 
C = Commercial (0 to + 75°C) 
c. PACKAGE TYPE 
P = 24-Pin Plastic DIP (PD 024) 
D = 24-Pin Ceramic DIP (CD 024) 
L = 32-Pin Rectangular Ceramic Leadiess Chip 
Carrier (CLRO32) 
b. SPEED OPTION 
A=40 ns 
Blank = 55 ns 


a. DEVICE NUMBER/DESCRIPTION 
Am27S43/Am27S43A 
32,768-Bit (4,096 x 8) Bipolar PROM 


Valid Combinations 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
AM27S43A ‘ sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 
products. 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) 
for APL products is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Device Class 

d. Package Type 


e. Lead Finish 
AM27S43 A /B A 
fee ee LEAD FINISH 
A=Hot Solder Dip 
d. PACKAGE TYPE 
J = 24-Pin Ceramic DIP (CD 024) 
K = 24-Pin Ceramic Flatpack (CFM024) 
U = 32-Pin Rectangular Ceramic Leadless Chip 
Carrier (CLRO32) 
3 = 28-Pin Square Ceramic Leadiess Chip Carrier 
with Thinner Ceramic Thickness (CLT028) 
c. DEVICE CLASS 
/B = Class B 
b. SPEED OPTION 
A=55 ns 
Blank = 65 ns 


a. DEVICE NUMBER/DESCRIPTION 
Am27S43/Am27S43A 
32,768-Bit (4,096 x 8) Bipolar PROM 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
Jia ea sales office to confirm availability of specific valid 
combinations or to check for newly released valid 


combinations. 


Group A Tests 


Group A tests consist of Subgroups 
t, 2, 3, 7-8, 9,10, -14. 


MILITARY BURN-IN 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. Test 
conditions are selected at AMD's option. 


PIN DESCRIPTION 


Ag-Ai;i Address (inputs) Provides direct control of the Q-output, three-state buffers. 
The 12-bit field presented at the address inputs selects one Outputs disabled forces all outputs to to a floating or high- 
of 4,096 memory locations to be read from. impedance state. 


Enable =G;°Go 
Qo-Q7 Data Output Port —— 


The outputs whose state represents the data read from the Disable = G; * Go 

selected memory locations. These outputs are three-state = G1°Go 

buffers which when disabled are in a floating or high- Vcc Device Power Supply Pin 

impedance state. The most positive of the logic power supply pins. 
Gi,Gp Output Enable (input) GND Device Power Supply Pin 


The most negative of the logic power supply pins. 
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ABSOLUTE MAXIMUM RATINGS 


OPERATING RANGES 


Storage Temperature ................... cece eee -65 to +150°C Commercial (C) Devices 
Ambient Temperature with Ambient Temperature (Ta) ..................0085 0 to +75°C 
PCIE: FE ois oo dicing s aanrgtcina cae eva -55 to +125°C Supply Voltage (Vcc) .............66. +4.75 V to +5.25 V 
Supply Voltage ... Bal OE ose lita rs i dn Ee -0.5 V to +7.0 V Military (M) Devices* 
Picetierd Bese se 05 V to +V gay Case Temperature (Tc)................0000s -55 to +125°C 
Abiok as roe CC Supply Voltage (Vcc) ..........0e:0e0ee $4.5 V to +5.5 V 
DC Voltage Applied to Outputs PP IY ge (Vcc) 
EMITS PURI NINN oscieg dass devs ebaccsvwswtosecersevess ayes 21 V : hoe ; 
Output Current into Outputs During ae ak fia 3 pie those cok ales which the 
Programming (Max. Duration of 1 sec) ............ 250 mA unctonalily oF the aevice is guaranteed. 
ca NE WENO soaps ecsstasuvacaetsasd eves -0.5 V to +5.5 V Je i c : 
Es innit. Conran... 2..<.00-4cssccosch sk. ~30 mA to +5 mA Military Product 100% tested at Tc = +25°C, + 125°C, 


and -—55°C. ' 
Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, Group A, 
Subgroups 1, 2, 3 are tested unless otherwise noted) 


Parameter Parameter ae 
Symbol Description Test Conditions Typ. 
Voc = Min., lon = -2.0 mA 
HIGH Vol 4 
Voc = Min., lo. = 16 mA 
Output LOW Voltage View = Ve oF Vn. V 


Guaranteed input logical HIGH 


V 
Vv 


Guaranteed input logical LOW 
Input LOW Level voltage for all inputs (Note 1) 
Input LOW Current Voc = Max., Vin = 0.45 V 
Input HIGH Current Voc = Max., Vin = Voc 
Output Short-Circuit Current Voc = Max., Vout = 9.0 V (Note 2) 


All inputs = GND, COM'L 
Power Supply Current ian ec hlaad, 


iets Seems 
Baas See 
eae ERE 
(ges fia 
i epee Pee ae 
goes ganas 
Bae oe 


Voc = Max. Vo = Vcc 
| Output Leakage Current 
VGq = 2.4 V Vo = 0.4 V 
. Vin = 2.0 V @ f=1 MHz (Note 3) 
Input Capacitance Von <6 MV. 1, 35°C 
San Co ansyeing ee 


Notes: 1. Vii and Vipy are input conditions of output tests and are not themselves directly tested. Vj_ and ViH are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values without 
suitable equipment. 

2. Not more than one output should be shorted at a time. Duration of the short-circuit test should not be more than one second. 
3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
capacitance may be affected. 


SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, 
Group A, Subgroups 9, 10, 11 are tested unless otherwise noted*) 


Am27S43A Am27S43 


Parameter 
Description 


Parameter 
Symbol 


Address Valid to Output Valid 

Delay from Output Enable Valid to 
es Pater Output Hi-Z 

Delay from Output Enable Valid to 
oe Ld Output Valid 


Notes: 1. Tests are performed with input transition time of 5 ns or less, timing reference levels of 1.5 V, and input pulse levels of 0 
to 3.0 V. 
2. TGVQZ is measured at steady state HIGH output voltage -0.5 V and steady state LOW output voltage +0.5 V output levels. 


*Subgroups 7 and 8 apply to functional tests. 
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SWITCHING TEST CIRCUIT 


300 1) 


Ro 
600 © 


TC000171 


x 


Notes: 1. TAVQV is tested with Switch S; closed and C; = 30 pF. 
2. For three-state outputs, TGVQV is tested with C, = 30 pF to the 1.5 V level; S; is open for high-impedance to HIGH tests and 

closed for high-impedance to LOW tests. TGVQZ is tested with C_ = 5 pF. HIGH to high-impedance tests are made with S; open 

to an output voltage of Voy -0.5 V; LOW to high-impedance tests are made with S; closed to the Voy +0.5 V level. 


SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


MUST BE 
STEADY 


MAY CHANGE 


WILL BE 
STEADY 


WILL BE 


CHANGING 


FROM H TOL FROM H TOL 


WILL BE 
CHANGING 
FROML TOH 


MAY CHANGE 
FROM L TOH 


DON'T CARE; 
ANY CHANGE 
PERMITTED 


CHANGING; 
STATE 
UNKNOWN 


CENTER 
LINE IS HIGH 
IMPEDANCE 
“OFF” STATE 


KS000010 


WAKA/ 


aA 
XEROX ORK 
RY 


9,9.9.9,9.9.9,9.9,% 


VALID ouTPUT \ Hixs VALID OUTPUT cx 
@ S 


WF021660 
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Am27S45/27S45A/27S45SA 


al 


Am27S47/27S47A/27S47SA Advanced 
16,384-Bit (2048x8) Bipolar Registered PROM BE 


with Programmable INITIALIZE Input 


DISTINCTIVE CHARACTERISTICS 


@ "SA" version offers superior performance with 25 ns 
setup time and 10 ns clock-to-output delay 

@ Slim, 24-pin, 300-mil lateral center package occupies 
approximately 1/3 the board space required by standard 
discrete PROM and register 

@ Consumes approximately 1/2 the power of separate 
PROM/register combination for improved system reli- 
ability 


@ Versatile programmable asynchronous or synchronous 
enable for simplified word expansion 

@ Buffered common INITIALIZE input either asynchronous 
(Am27S45) or synchronous (Am27S47) 

@ Platinum-Silicide fuses guarantee high reliability, fast 
programming and exceptionally high programming 
yields (typ. > 98%) 


GENERAL DESCRIPTION 


The Am27S45 and the Am27S47 (2048-words by 8-bits) 
are fully decoded, Schottky array, TTL Programmable 
Read-Only Memories (PROMs), incorporating D-type mas- 
ter-slave data registers on chip. These devices have three- 
state outputs compatible with low-power Schottky bus 
standards capable of satisfying the requirements of a 
variety of microprogrammable controls and state machines. 


These devices contain an 8-bit parallel data register in the 
array-to-output path which allows PROM data to be stored 
while other data is being addressed. This meets the 
requirements for pipelined microprogrammable control 
stores where instruction execute and instruction fetch are 
performed in parallel. 


To Offer the system designer maximum flexibility, these 
devices contain a user programmable asynchronous or 
synchronous output enable. The unprogrammed state of 
the enable pin operates as an Asynchronous Enable (G) 
input. An architecture word permits the programming of the 
functionality of this pin to Synchronous Enable (Gs). 


These devices contain a single pin initialize function capa- 
ble of loading any arbitrary microinstruction for system 
interrupt or initialization. On the Am27S45 this function 
operates asynchronously, independent of clock. The 
Am27S47 provides synchronous operation of this function. 


lf the architecture has been programmed to synchronous 
enable, upon power-up the outputs (Qo —- Q7) will be in a 
floating or high-impedance state. 


BLOCK DIAGRAM 


Aiea 


é@e 


L268.4 (128 
PROGRAMMABLE 
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BDO006381 


Publication # Rev. Amendment 
03186 D /0 


Issue Date: January 1989 


DIPs* 


PRODUCT SELECTOR GUIDE 


[Address Setup Time (ns) ___——_—+| 25 | 28 | 40 | a5 | 48 | 50 
[Clock-to-Output Delay (ns) + 10| 12 | 20 | 25 | 25 | 30 
[Operating Range SSCP CT oT uM] Clu 


nN] +> 
ory Om 


CONNECTION DIAGRAMS 
Top View 


LCCs** 


CD000471 
CD000461 


Note: Pin 1 is marked for orientation. 
“Also available in a 24-pin Flatpack. Pinout identical to DIPs. 
**Also available in a 28-pin Square Plastic Leaded Chip Carrier. Pinout identical to 


LOGIC SYMBOL 


Ay Az As Ag As Ag Az 


Ag Ag Ato 


Q2 


Q3 


Qg Q5 Gg Q7 


LS000051 


Am27S45/27S45A/27S45SA Am27S47/27S47A/27S47SA 


LCC. 


CD009630 
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ORDERING INFORMATION 


Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 


b. Speed Option (if applicable) 
c. Package Type 

d. Temperature Range 

e. Optional Processing 

f. Alternate Packaging Option 


AM27S45_ SA ss fo B 5 


a. DEVICE NUMBER/DESCRIPTION 
Am27S45/27S45A/27S45SA/27S47/27S47A/27S47SA 


. ALTERNATE PACKAGING OPTION 


-S = 28-Pin Square Ceramic Leadiess Chip 
Carrier with Thinner Ceramic Thickness (CLT028) 


. OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 


. TEMPERATURE RANGE 


C = Commercial (0 to + 75°C) 


. PACKAGE TYPE 


P = 24-Pin (300-Mil) Plastic DIP (PD3024) 

D = 24-Pin (300-Mil) Ceramic DIP (CD3024) 

L = 32-Pin Rectangular Ceramic Leadiess Chip 
Carrier (CLRO32) 

J = 28-Pin Plastic Leaded Chip Carrier (PL 028) 


. SPEED OPTION 


SA = 25 ns setup time/10 ns clock-to-output 
A= 40 ns setup time/20 ns clock-to-output 
Blank = 45 ns setup time/25 ns clock-to-output 


16,384-Bit (2,048 x 8) Bipolar Registered PROM with Programmable INITIALIZE Input 


Am27S45 = Asynchronous Initialize 
Am27S47 = Synchronous Initialize 


Valid Combinations 
AM27S45SA 
AM27S45A 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 


AM27S45 combinations, to check on newly released combinations, and 
AM27S47SA to obtain additional data on AMD's standard military grade 


AM27S47A products. 
AM27S47 
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Am27S45/27S45A/27S45SA Am27S47/27S47A/27S47SA 
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MILITARY ORDERING INFORMATION 


APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) 
for APL products is formed by a combination of: a. Device Number 

. Speed Option (if applicable) 

c. Device Class 

d. Package Type 

e 


Lox 


. Lead Finish 


AM27S45 
. LEAD FINISH 
A= Hot Solder Dip 
. PACKAGE TYPE 
L = 24-Pin (300-Mil) Ceramic DIP (CD3024) 
U = 32-Pin Rectangular Ceramic Leadiess Chip 
Carrier (CLRO32) 
3 = 28-Pin Square Ceramic Leadiess Chip Carrier 
with Thinner Ceramic Thickness (CLT028) 
K = 24-Pin Flatpack (CFM024) 
. DEVICE CLASS 
/B = Class B 
. SPEED OPTION 
SA = 28 ns setup time/12 ns clock-to-output 
A= 45 ns setup time/25 ns clock-to-output 
’ Blank = 50 ns setup time/30 ns clock-to-output 
a. DEVICE NUMBER/DESCRIPTION 


Am27S45/27S45A/27S45SA/27S47/27S47A/27S47SA 

16,384-Bit (2,048 x 8) Bipolar Registered PROM with Programmable INITIALIZE Input 
Am27S45 = Asynchronous Initialize 

Am27S47 = Synchronous Initialize 


Valid Combinations 


vere Cones Valid Combinations list configurations planned to be 


supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
/BLA, /BKA, combinations or to check for newly released valid 
(BUA, /B3A combinations. 

Sie 8 Tents 


Group A tests consist of Subgroups 
Ry ie hey te 


MILITARY BURN-IN 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. Test 
conditions are selected at AMD's option. 
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PIN DESCRIPTION 


Ao-Aigo Address (input) 
The 11-bit field presented at the address inputs selects one 
of 2048 memory locations to be read from. 


K Clock (input) 
The clock is used to load data into the parallel registers from 
the memory array. Data transfer occurs on the LOW-to- 
HIGH transition of K. 


Qo-Q7 Data Output Port 
Parallel data output from the pipeline register. The disabled 
state of these outputs is floating or high impedance. 


1 Asynchronous Initialize (Input) (Am27S45) 
Control pin used to initialize the output data registers from a 
programmable word independent of K. This can be used to 
generate any arbitrary microinstruction for system interrupt 
or initialization. 


Is Synchronous Initialize (Input) (Am27S47) 
Control pin used to initialize the output data registers from a 
programmable word in conjunction with K. This can be used 


to generate any arbitrary microinstruction for system 
interrupt or initialization. 


Vcc Device Power Supply Pin 
The most positive of the logic power supply pins. 


GND Device Power Supply Pin 
The most negative of the logic power supply pins. 


This device contains a single-bit architecture word which, 
according to programming, will provide one of the following 
functions. 


G Asynchronous Output Enable (input) 
Provides direct control of the Q-output, three-state drivers 
independent of K. 


Gs Synchronous Output Enable (input) 
Controls the state of the Q-output, three-state drivers in 
conjunction with K. This is useful where more than one 
registered PROM is bussed together for word-depth 
expansion. In this case, the enable becomes the most 
significant address bit and, as such, must be synchronized 
with the data. 
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FUNCTIONAL DESCRIPTION 


The Am27S45A/45 and Am27S47A/47 are Schottky TTL 
programmable read only memories (PROMs) incorporating 
true D-type, master-slave data registers on chip. These 
devices feature the versatile 2048-word by 8-bit organization 
and are available with three-state outputs. Designed to opti- 
mize system performance, these devices also substantially 
reduce the cost and size of pipelined microprogrammed 
systems and other designs where accessed PROM data is 
temporarily stored in a register. The Am27S45A/45 and 
Am27S47A/47 also offer maximum flexibility for system de- 
sign by providing either synchronous or asynchronous initial- 
ize, and synchronous or asynchronous output enable. 


When Vcc power is first applied, the state of the outputs will 
depend on whether the enable has been programmed to be a 
synchronous or asynchronous enable. If the synchronous 
enable (Gs) is being used, the register will be in the set 
condition causing the outputs (Qo to Q7) to be in the OFF or 
high-impedance state. If the asynchronous enable (G) is being 
used, the outputs will come up in the OFF or high-impedance 
state only if the enable (G) input is at a logic HIGH level. 
Reading data is accomplished by first applying the binary word 
address to the address inputs (Ag through Ajo) and a logic 
LOW to the enable input. During the address setup time, the 
stored data is accessed and loaded into the master flip-flops 
of the data register. Upon the next LOW-to-HIGH transition of 
the clock input (K), data is transferred to the slave flip-flops 
which drive the output buffers, and the accessed data will 
appear at the outputs (Qo through Q7). If the asynchronous 
enable (G) is being used, the outputs may be disabled at any 
time by switching the enable to a logic HIGH, and may be 
returned to the active state by switching the enable back to 
the logic LOW state. For devices using the synchronous 
enable (Gs), the outputs will go into the OFF or high- 
impedance state upon the next positive clock edge after the 
synchronous enable input is switched to a HIGH level. If the 
synchronous enable pin is switched to a logic LOW, the next 
positive clock edge will return the output to the active state. 
Following a positive clock edge, the address and synchronous 
enable inputs are free to change, since no change in the 
output will occur until the next LOW-to-HIGH transition of the 
clock. This unique feature allows the PROM decoders and 
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sense amplifiers to access the next location while previously 
addressed data remains stable on the outputs. 


The on-chip edge-triggered register simplifies system timing 
since the PROM clock may be derived directly from the 
system clock without introducing dangerous race conditions. 
Other register timing requirements are similar to those of 
standard Schottky registers and are easily implemented. 


These devices also contain a built-in initialize function. When 
activated, the initialize control input (1) causes the contents of 
an additional (2049th) 8-bit word to be loaded into the on-chip 
register. This extra word is user programmable. Since each bit 
is individually programmable, the initialize function can be 
used to load any desired combination of HIGHs and LOWs 
into the register. In the unprogrammed state, activating | will 
perform a register CLEAR (all outputs LOW). If all bits of the 
initialize word are programmed, activating | performs a register 
PRESET (all outputs HIGH). 


This ability to tailor the initialize outputs to the system 
requirements simplifies system design and enhances perfor- 
mance. The initialize function is useful during power up and 
timeout sequences. This flexible feature can also facilitate 
implementation of other sophisticated functions such as a 
built-in ''jump-start'' address. 


The Am27S45A/45 has an asynchronous initialize input (1). 
Applying a LOW to the | input causes an immediate load of the 
programmed initialize word into the master and slave flip-flops 
of the register independent of all other inputs (including K). 
The initialize data will appear at the device outputs after the 
outputs are enabled by bringing the asynchronous enable (G) 
LOW. 


The Am27S47A/47 has a synchronous Is input. Applying a 
LOW to the Is input causes an immediate load of the 
programmed initialize word into the master flip-flops of the 
register only independent of all other inputs (including K). To 
bring this data to the outputs of a device with a synchronous 
enable, the synchronous enable (Gs) should be held LOW 
until the next LOW-to-HIGH transition of the clock (K). For a 
device with an asynchronous enable, the data will appear at 
the device outputs after the next LOW-to-HIGH clock transi- 
tion if the enable (G) is held LOW. 
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ABSOLUTE MAXIMUM RATINGS 


OPERATING RANGES 


Storage Temperature ................cccceeeee eee -65 to + 150°C Commercial (C) Devices 
Ambient Temperature with Ambient Temperature (Ta) .............:eeeeeees 0 to +75°C 
POWGEABONOIs cos 552 iss eben ns tuscivscas sist —55 to +125°C Supply Voltage (Vcc) .....-.--..-.6+. +4.75 V to +5.25 V 
SIV OUNOO ass a scrn eaten emetic -0.5 V to +7.0 V Milita See 
: ry (M) Devices 
Eee es sae 0.5 V to +Vcc Max Case Temperature (Tc)..............000.00s -—55 to +125°C 
ace fics C : Supply Voltage (Vcc) ........0eeeeeee $4.5 V to +5.5 V 
DC Voltage Applied to Outputs oer ge (Vcc) 
ERTS Po TRIWINND 5st conch cs Seca dies cnsereaeennes 21 V = ; 
Output Current into Outputs During ae eb sad odes those ee ee which the 
Programming (Max. Duration of 1 sec.)............ 250 mA unctionality of the device is guaranteed. 
DC Input MOOG < crise sckatseeccieriuatseacrs -0.5 V to +55 V *Military product 100% tested at To= +25°C, + 125°C, 
ENS, RCAMTOMN ooo a i Scccccteaveadtcssabese -30 mA to +5 mA and —55°C. 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified (for APL Products, Group A, 
Subgroups 1, 2, 3 are tested unless otherwise noted) 


Guaranteed input logical HIGH 
Input HIGH Level voltage for all inputs (Note 1) 
Guaranteed input logical LOW 
Input LOW Level voltage for all inputs (Note 1) 
Input LOW Current Voc = Max., Vin = 0.45 V 
Input HIGH Current Voc = Max., Vin = Voc 


a Sa Output Short-Circuit Current Voc = Max., Vout = 0.0 V (Note 2) 


Am27S45/Am27S47 Standard & ''A"' versions 
Power Supply Current 


IL 
NL 
Isc 
Voc = Max., All inputs = 0.0 V 
Am27S45/Am27S47 ''SA"' 
Icc 
Input Clamp Se = 
Output Leakage Voc = Max. Vo = Vcc SSS 
CEX Current VG = 2.4 V Vo =0.4 V as 
: zs 


oO uo o 
Uv ‘= 


185 


9 


— 


7 


Voc = Max., 
All inputs = 0.0 V 
(Note 5) 


z 


— 


0 
MIL To = 25°C 


_ 


6 


version only 
: Vin = 2.0 V @ f=1 MHz (Note 4) 
ee pistes 8 Voc = 5.00 V; Ta = 25°C 
Cc Output VouT = 2.0 V @ f=1 MHz (Note 4) 
OUT Capacitance Vcc = 5.00 V; Ta = 25°C 


Notes: 1. Vi, and Vj are input conditions of output tests and are not themselves directly tested. Vi, and VijH are absolute voltages with respect to 
device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values without suitable equipment. 

. Only one output should be shorted at a time. Duration of the short circuit should not be more than one second. 

. For devices using the synchronous enable, the device must be clocked after applying these voltages to perform this measurement. 

. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
capacitance may be affected. 

. loc limits at temperature extremes are guaranteed by correlation to + 25°C test limits. 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, 
Group A, Subgroups 9, 10, 11 are tested unless otherwise noted*) (Note 1) 
Parameter Parameter 


Am27S45SA/ Am27S45A/ Am27S45/ 
Am27S47SA Am27S47A Am27S47 
Symbol Description 


Time 


Siaiad ea [oon Soc Sap 
Output Valid, for initially 
TKHOV4 active outputs (HIGH or 


LOW) (Note 7) 


aS K Pulse Width (HIGH or as a 
TKLKH 


Enable LOW to Output 
TGLQV Valid (HIGH or 
LOW) (Note 3) 
TGHQZ Enable HIGH to Output 
Hi-Z (Notes 2 & 3) 


Tine (Note 4) (Ge ese Cs ees ee 
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See also Switching Test Circuits. 


Notes: 1. Tests are performed with input transition time of 5 ns or less, timing reference levels of 1.5 V, and input pulse levels of 0 to 
3.0 V using test load in A. under Switching Test Circuits. 

. TGHQZ and TKHQZ are measured at steady state HIGH output voltage -0.5 V and steady state LOW output voltage +0.5 V 
output levels using the test load in B. under Switching Test Circuits. 

. Applies only when Asynchronous Enable (G) function is used. 

. Applies only when Synchronous Enable (Gg). function has been programmed. 

. Applies only to the Am27S45 (Asynchronous Initialize () version. 

. Applies only to the Am27S47 (Synchronous Initialize (Is)) version. 

. Minimum delay time is guaranteed by design and supported by characterization data. 


NOOD W nm 


*Subgroups 7 and 8 apply to functional tests. 
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Output 


SWITCHING TEST CIRCUITS 


300 9 


TC003442 


A. Output Load for all AC tests except 
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TGHQZ and TKHQZ 


380 
Output 


Spr $620n 


TC003452 


B. Output Load for TGHQZ and TKHQZ 


Notes: 1. All device test loads should be located within 2” of device output pin. 


2. S; is open for Output Data HIGH to Hi-Z and Hi-Z to Output Data HIGH tests. S; is closed for 
all other AC tests. 


3. Load capacitance includes all stray and fixture capacitance. 


SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORMS 


WAVEFORM 


INPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROM H TOL 


MAY CHANGE 
FROML TOH 


DON'T CARE; 
ANY CHANGE 
PERMITTED 


DOES NOT 
APPLY 


OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


WILL BE 
CHANGING 
FROML TOH 


CHANGING; 
STATE 


UNKNOWN 


CENTER 
LINE IS HIGH 
IMPEDANCE 
“OFF” STATE 
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SWITCHING WAVEFORMS (Cont'd.) 
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Timing Set 1. Using Asynchronous Enable 
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SWITCHING WAVEFORMS (Cont'd.) 
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Timing Set 3. Using Asynchronous Initialize 
Am27S45 Only 
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Timing Set 4. Using Synchronous Initialize 
Am27S47 Only 
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Am273S49/27S49A/29S49SA Advanced 


Micro 
8192x8 Generic Series IMOX™ Bipolar PROM Devices 
DISTINCTIVE CHARACTERISTICS 
@ Fast access time @ AC performance is factory tested utilizing programmed 

@ Platinum-Silicide fuses guarantee high reliability, fast test words and columns 
programming and exceptionally high programming @ Voltage and temperature compensation provides ex- 
yields (typ > 98%) tremely flat AC performance over military range 


GENERAL DESCRIPTION 


The Am27S49 Series are high-speed, electrically program- dresses to Ag-Aj2 and holding the Output Enable (G) 
mable Schottky read-only memories, organized in 8192 x 8 input LOW. When G is HIGH, Qo - Q7 are in the OFF, or 
configuration. After programming, stored information is high-impedance state. 

read on outputs Qo-Q7 by applying unique binary ad- 


BLOCK DIAGRAM 
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PRODUCT SELECTOR GUIDE 


Part 

Am27S49SA Am27S49A Am27S49 
Address 
Operating . ; 


Publication # Rev. Amendment 
04943 G /0 
Issue Date: January 1989 


5-151 


5-152 


CONNECTION DIAGRAMS 
Top View 


DIPs* Flatpack 


CD009360 
CD001031 


*Also available in 24-pin Slim DIPs (Alternate Packaging 
Option Only); pinout is identical to standard DIPs. 


LCCs 


CD000971 CD008023 


Note: Pin 1 is marked for orientation. 


LOGIC SYMBOL 


LS002330 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid 
Combination) is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 

f. Alternate Packaging Option 


AM27S49 A DBD rh B -sS 
fee teas ALTERNATE PACKAGING OPTION 
-S = 28-Pin Square Ceramic Leadless 
Chip Carrier with Thinner Ceramic 
Thickness (CLT028) 
-T = 24-Pin (300-Mil) DIP (PD3024 or 
CD3024) 
e. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 
d. TEMPERATURE RANGE 
C =Commercial (0 to + 70°C) 
c. PACKAGE TYPE 
P = 24-Pin (600-Mil) Plastic DIP (PD 024) 
D = 24-Pin (600-Mil) Ceramic DIP 
(CD 024) or 
24-Pin (300 Mil) Ceramic DIP 
(CD3024) 
L = 32-Pin Rectangular Ceramic 
Leadiess Chip Carrier (CLRO32) 
b. SPEED OPTION 
Blank = 55 ns 
A= 40 ns 
SA = 25 ns 


a. DEVICE NUMBER/DESCRIPTION 
Am27S49/27S49A/27S49SA 
8192 x8 Generic Series 
IMOX Bipolar PROM 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released valid combinations, 
and to obtain additional data on AMD's standard military 
grade products. 


Valid Combinations 
AM27S49 DC, DCB, PC, PCB, 
LC, LCB, LC-S, LCB-S, 
wie ads DC-T, DCB-T, PC-T, 
AM27S49SA 


PCB-T 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) 
for APL products is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Device Class 

d. Package Type 

e. Lead Finish 


AM27S49 A 1B Pt A 


ee ee LEAD FINISH 
A= Hot Solder Dip 
d. PACKAGE TYPE 
J = 24-Pin (600-Mil) Ceramic DIP (CD 024) 
K = 24-Pin Rectangular Ceramic Flatpack 
(CFM024) 
3 = 28-Pin Square Ceramic Leadiess Chip 
Carrier with Thinner Ceramic Thickness (CLT028) 
U = 32-Pin Rectangular Ceramic Leadiess Chip 
Carrier (CLRO32) 
L = 24-Pin (300-Mil) Ceramic DIP (CD3024) 
c. DEVICE CLASS 
/B =Class B 
b. SPEED OPTION 


Blank = 65 ns 
A=55 ns 
SA = 30 ns 


a. DEVICE NUMBER/DESCRIPTION 
Am27S49/27S49A/27S49SA 
8192x8 Generic Series 
IMOX Bipolar PROM 


Valid Combinations 


Valid Combinations Consult the local AMD sales office to confirm availability of 


specific valid combinations or to check for newly released 
valid combinations. 


/BJA, /BKA, /B3A, 
/BUA, /BLA 


Group A Tests 
Group A tests include Subgroups 
1, 2, 3, 7, 8, 9, 10, and 11. 


MILITARY BURN-IN 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. Test 
conditions are selected at AMD's option. 


PIN DESCRIPTION 


Ag-Ai2 Address (inputs) Qo9-Q7 Data Output Port (Outputs, Three-State) 
The 13-bit field presented at the address inputs selects one The outputs whose state represents the data read from the 
of 8192 memory locations to be read from. selected memory locations. These outputs are three-state 
re} utput Enable (Input, Active LOW) buffers which when disabled, are in a floating or high- 
Provides direct control of the Q-output three-state buffers. impedance state. 


GENERIC PROGRAMMING INFORMATION 


Advanced Micro Devices' Bipolar PROMs are members of a selectively programmed to a logic HIGH by applying appropri- 
generic series incorporating common programming proce- ate voltages to the circuit. 
dures. All parts in this series are produced with a fusible link at 


each memory location storing a logic LOW and can be See the AMD Bipolar/MOS Memories Data Book for detailed 


programming information. 
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ABSOLUTE MAXIMUM RATINGS 


OPERATING RANGES 


Storage Temperature ...............0.0cceceeee *.-65 to + 150°C Commercial (C) Devices 
Ambient Temperature with Ambient Temperature (Ta) ..................0005 0 to +75°C 
en ee: SR area aa RAY er or -55 to +125°C Supply Voltage (Vcc) ..........-..6+ +4.75 V to +5.25 V 
MN OI sais wctdnincineahs vase cemnaiod hen -0.5 V to +7.0 V Milit Bey 

, ary (M) Devices 
ice o Sit pane 0.5 to +Voc Max Case Temperature (TC) ..........cnccesore -55 to +125°C 

cam. ar: c Supply Voltage (VCC) ......:eeeeee $4.5 V to +5. 

DC Voltage Applied to Outputs PPY ge (Vcc) oe 
EAR e tel CPC PMOIEIMB NES (oo jp sass a nis x'fak ia nn cave svdwsnstapipnesensne 21 V : , nies j 
Output Current into Outputs During spin oll yal those mi pe sla which the 
Programming (Max Duration of 1 sec)................ 250 mA EYE LE OCS 5S QUaTERONS. 
Ce UR ORR GO oe. acs. nots paces sues aheuens -0.5 V to +5.5 V e 
DG rh Cet os os seas cece ka oe -30 to +5 mA *Military Product 100% tested at Tc = + 25°C, + 125°C, and 


-55°C. 
Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, Group A, 
Subgroups 1, 2, 3 are tested unless otherwise noted) 


Saal 
fat al 

oR a yee 
Pa fimo in SN OR 


Input LOW Current Voc = Max., Vin = 0.45 V 


Input HIGH Current Voc = Max. 
jim [munich cure | veo= Mee 
HS Voc = Max., Vout = 0.0 V 
Output Short-Circuit Current (Note 2) 


All Inputs = GND 
Voc = Max. 


VIH 
VIL 
Input Clamp Voltage Voc = Min., lin =-18 mA 


Power Supply Current 


ICEX Output Leakage Current 


Input Capacitance Voc = 5.0 V, Ta = 25°C 
Output Capacitance Vin/VouT = 2.0 V at f= 1 MHz (Note 3) 


Notes: 1. Vip and Vip are input conditions of output tests and are not themselves directly tested. Vi, and VjH are absolute voltages with respect to 
device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values without suitable equipment. 
2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where capacitance 
may be affected. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified (for APL Products, 
Group A, Subgroups 9, 10, 11 are tested unless otherwise noted”) 


Am27S49SA Am27S49A Am27S49 
Parameter 
Symbol Parameter Description 


| 1 | raver | Atoms vai to Oupue — |__CORTE Jt 
Valid Access Time PRES a RL a oo a SS 

Output High Z Ga He * CRP UR aes PE SO Te a 

a a ae ow peep |e 
Output Valid A Oe SE OE) a RS es aS 


Notes: 1. Tests are performed with input transition time of 5 ns or less, timing reference levels of 1.5 V, and input pulse levels of 0 to 3.0 V — 
See Switching Test Circuit diagram. 
*Subgroups 7 and 8 apply to functional tests. 
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SWITCHING TEST CIRCUIT 


Vec o—o% 


Ry 
300 £) 
OUTPUT 
Cc. Re 
| 600 {) 
TC000171 
Notes: 1. TAVQV is tested with switch S; closed and C; = 50 pF. 
2. 


For three-state outputs, TGLQV is tested with C, = 50 pF to the 1.5 V level; S; is open for high impedance to HIGH tests and closed for high 
impedance to LOW tests. TGHQZ is tested with C_ = 5 pF. HIGH to high impedance tests are made with S; open to an output voltage of 
Steady State HIGH -0.5 V; LOW to high-impedance tests are made with S; closed to the Steady State LOW +0.5 V level. 


SWITCHING WAVEFORMS 


KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROM H TOL 


MAY CHANGE 
FROML TOH 


DON'T CARE; 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


WILL BE 
CHANGING 
FROM L TOH 


CHANGING; 


ANY CHANGE STATE 
PERMITTED UNKNOWN 


CENTER 
DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 

“OFF” STATE 


KS00001 1 


ADDRESS \KXXX/ KXK/ 
fa - Pio KOK > VALID ADDRESS xX 

Gg — O7 eeiaitetalaetale — (_yatrp ourpur XX 
Gp - OP eeeetettctetey, VALID OUTPUT } VALID OUTPUT XX 


WF021480 
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Am273S85/27S85A 


Advanced 
16,384-Bit (4096x4) Registered PROM Micro 
with SSR™ Diagnostics Capability Devices 


DISTINCTIVE CHARACTERISTICS 


@ On-chip diagnostic shift register for serial observability 
and controllability of the output register 

@ User-programmable for Asynchronous Enable, Synchro- 
nous Enable, Asynchronous Initialize, or Synchronous 
Initialize 

@ Slim, 24-pin, 300-mil lateral center package occupies 
approximately 1/3 the board space required by standard 
discrete PROM and registers. 


@ Consumes approximately 1/2 the power of separate 
PROM/register combination for improved system reli- 
ability. 

@ Platinum-Silicide fuses guarantee high reliability, fast 
programming and exceptionally high programming 
yields (typ. > 98%). 

@ Increased drive capability, 24 mA lo. 


GENERAL DESCRIPTION 


This device contains a 4-bit parallel data register in the 
array-to-output path intended for normal registered data 
operations. In parallel with the output data registers is 
another 4-bit register with shifting capability, called a 
shadow register. As the name implies, the shadow register 
is intended to operate in the background of the normal 
output data register. This shadow register can be used in a 


To offer the system designer maximum flexibility, this 
device contains a single programmable multi-functional 
input (G/GS/I/IS). The unprogrammed state of this pin 
operates an Asynchronous Enable (G) input. An architec- 
ture word permits the programming of the functionality of 
this pin to Synchronous Enable (GS), Asynchronous Initial- 
ize (I), or Synchronous Initialize (IS). 


systematic way to control and observe the output data 
register to exercise desired system functions during a 
diagnostic test mode. 


BLOCK DIAGRAM 
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icati Rev. Amendment 
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Issue Date: January 1989 
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PRODUCT SELECTOR GUIDE 


Part Number Am27S85A Am27S85 


Clock-to-Output 
ie Be eee Sod SS es Se 


Operatinge Range 


CONNECTION DIAGRAMS 
Top View 
DIPs* Lcc** 


24 {_) Vec 
A 
, A10 
22[_) Ag 
21 =e Ai0 Ay 
20() Ady sare G/GS/iAS 
19[_) G/GS/V/IS 
DQo 
18) OQ, 
17 _) OQ, NC 
16 [_) OQ, pa, 
15) 0Q3 
DQ 
14.) SQ 3 
13° ) PK 
CD000561 
CD004902 


“Also available in a 24-pin Flatpack. Pinout identical to DIPs. 
**Also available in a 28-pin Square PLCC. Pinout identical to LCC. 
Note: Pin 1 is marked for orientation. 


LOGIC SYMBOL 


LS002111 
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ORDERING INFORMATION 
Standard Products 


AMD products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM27S85 A P Me 


— 


B 
uses OPTIONAL PROCESSING 


Blank = Standard Processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C = Commercial (0 to + 75°C) 


c. PACKAGE TYPE 
P = 24-Pin (300-Mil) Plastic DIP (PD3024) 
D = 24-Pin (300-Mil) Ceramic DIP (CD3024) 
L = 28-Pin Square Ceramic Leadless Chip 
Carrier with Thinner Ceramic Thickness (CLT028) 
J = 28-Pin Plastic Leaded Chip Carrier (PL 028) 


b. SPEED OPTION 
Blank = 35 ns setup/15 ns clock-to-output 
A=27 ns setup/12 ns clock-to-output 


a. DEVICE NUMBER/DESCRIPTION 
Am27S85/Am27S85A 
4K x 4 Registered PROM with SSR Diagnostics 


Valid Combinations 


Valid Combinations 


AM27S85 PC, PCB, DC, DCB, 
AM27S85A LC, LCB, JC, JCB 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released valid combinations, 
and to obtain additional data on AMD's standard military 
grade products. 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) 


for APL products is formed by a combination of: a. 
b. 
Cc. 
d. 
e. 


AM27S85 K 


a. DEVICE NUMBER/DESCRIPTION 
Am27S85/Am27S85A 


Device Number 

Speed Option (if applicable) 
Device Class 

Package Type 

Lead Finish 


. LEAD FINISH 
A =Hot Solder Dip 


. PACKAGE TYPE 
K = 24-Pin Rectangular Ceramic Flatpack (CFM024) 
L = 24-Pin (300-Mil) Ceramic DIP (CD3024) 
3 = 28-Pin Square Ceramic Leadless Chip 
Carrier (CLT028) 


. DEVICE CLASS 
/B=Class B 


. SPEED OPTION 
Blank = 40 ns setup/20 ns clock-to-output 
A = 30 ns setup/17 ns clock-to-output 


4K x 4 Registered PROM with SSR Diagnostics 


Valid Combinations 


AM27S85 
/BKA, /BLA, /B3A 


AM27S85A 


MILITARY BURN-IN 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 


Group A Tests 


Group A tests consist of Subgroups 
1, 2). :7,- 8; O10, -4%. 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. Test 


conditions are selected at AMD's option. 
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PIN DESCRIPTION 


Ago-Ai;i1 Address inputs 
The 12-bit field presented at the address inputs selects one 
of 4096 memory locatios to be read from. 


PK Pipeline Clock (input) 
The pipeline clock is used to load data into the parallel 
registers. The data source may be the memory array, the 
shadow register, or the initialize word if programmed for 
synchronous initialize architecture. Transfer occurs on the 
LOW-to-HIGH transition of PK. 


DQ 9-DQ3 _~=Data I/O Port 
Parallel data output from the pipeline register or parallel 
data input to the shadow register. 


M Mode (input) 

Control input which controls the source data for both sets of 
registers. MODE inputs is LOW in the normal mode of 
operation. The PROM array is the input source for the 
output data registers. The shadow register is in the shift 
mode (SDS 9~S;—Se2~S3/SQ). MODE input HIGH 
allows transfer of data for diagnostic testing. Shadow 
register data may be loaded into the output register or 
output data bus information may be loaded into the shadow 
register. 


DK Diagnostic Clock (input) 
The diagnostic clock is used to load or shift the data into the 
shadow register. Transfer occurs on the LOW-to-HIGH 
transition of DK. 


SD Serial Data Input 

This pin performs two functions depending on the state of 
the MODE input. If M is LOW, the SD pin is the data transfer 
pin for serial data (SD->So). If the M input is HIGH, the SD 
pin operates as a control pin where SD asserted LOW 
permits output data to be loaded into the shadow register on 
the next LOW-toHIGH transition of DK. SD asserted HIGH 
represents a NO-OP function on this device. 


Am27S85/27S85A 


SQ__ Serial Data Output 


This pin operates as a transfer pin for serial data. When M 
input is LOW, SQ = S3. When M is HIGH and SD operates 
as a control pin, the SQ pin operates as a pass through of 
SD control. SQ is an active totem-pole output. 


Vcc Device Power Supply Pin 


The most positive of the logic power supply pins. 


GND Device Power Supply Pin 


The most negative of the logic power supply pins. 


This device contains a two bit architecture word which, 
according to programming, will provide the following 
functions: 


G/GS/I/IS_ Asynchronous/Synchronous Output Enable/ 


Asynchronous/Synchronous Initialize 

With the architecture word unprogrammed this pin operates 
as an Asynchronous Output Enable (G) and provides direct 
control of the DQ output three-state drivers independent of 
PK. With proper programming of the architecture word this 
pin will function as a Synchronous Output Enable (GS) 
which will control the state of the DQ output three-state 
drivers in conjunction with PK. This is useful where more 
than one registered PROM is bussed together for word 
depth expansion. In this case, the enable becomes the most 
significant address bit and, as such, must be synchronized 
with the data. 


The architecture word may also be programmed so that this 
pin will functions as an Asynchronous Initialize (I) which is a 
control pin used to initialize the output data registers from a 
programmable word independent of PK. This can be used to 
generate any arbitrary microinstruction for system interrupt 
or reset. When the architecture word is properly 
programmed this pin will function as a Synchronous Initialize 
(IS) which will initialize the output data registers from a 
programmable word in conjunction with PK. This can be 
used for a system interrupt or reset which must be 
synchronized with PK. 
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MODE SELECT TABLE 


Data transfers into the shadow register occur on the LOW-to- Because of the independence of the clock inputs, data can be 
HIGH transition of DK. M (MODE) and SD determine what data shifted in the shadow register via DK and loaded into the 
source will be loaded. The pipeline register is loaded on the pipeline register from the data input via PK as long as no set 


LOW-to-HIGH transition of PK. M (MODE) selects whether the up or hold times are violated. 
data source is the PROM Array or the shadow register output. 


Shadow Pipeline 
Register Register Operation 
Sn-Sn- 


sae ni Ara Synchronous Initialize Pipeline Register* 


Load Shadow Register from Outputs (DQ9 - DQ3) 
Load Pipeline Register from Shadow Register 


No-Op; Hold Shadew Register 


MODE SELECT TABLE DEFINITIONS 


INPUTS OUTPUTS 
H = HIGH SQ = Serial Data Output 
L = LOW S3 - So = Shadow Register Outputs (internal to devices) 
X = Don't Care Q3 - Qo = Pipeline Register Outputs 
- = Steady State LOW or HIGH or HIGH-to-LOW NA = NOT applicable: Output is not a function of the 
transition specified input combinations 


| = LOW-to-HIGH transition 
*Applies only if the architecture word has been programmed for Synchronous Initialize operation. 
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APPLICATION 


Applying Serial Shadow Register (SSR) 
Diagnostics in Bipolar Microcomputers 


Diagnostics 


A diagnostics capability provides the necessary functionality 
as well as a systematic method for detecting and pin-pointing 
hardware related failures in a system. This capability must be 
able to both observe intermediate test points and control 
intermediate signals — address, data, control, and status — to 
exercise all portions of the system under test. These two 
capabilities, observability and controllability, provide the ability 
to establish a desired set of input conditions and state register 
values, sample the necessary outputs and determine whether 
the system is functioning correctly. 


Testing Combinational and Sequential 
Networks 


The problem of testing a combinational logic network is well 
understood. Sets of input signals (test vectors) are applied to 
the network and the network outputs are compared to the set 
of computed outputs (result vectors). In some cases sets of 
test vectors and result vectors can be generated in a 
computer-aided environment, minimizing engineering effort. 
Additionally, fault coverage analysis can be automated to 
provide a measure of how efficient a set of test vectors is at 
pin-pointing hardware failures. For example, a popular mea- 
sure of fault coverage computes the percentage of stuck-at- 
ones (nodes with outputs always HIGH) and stuck-at-zeros 
(nodes with outputs always LOW) a given set of test vectors 
will discover. 
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Figure 1. 


A sequential network (Figure 1) is much more difficult to test 
systematically. The outputs of a sequential network depend 
not only on the present inputs but also on the internal state of 
the network. Initializing the internal state register to the value 
necessary to test a given set of inputs is difficult at best and 
not easily automated. Additionally, observing the internal state 
of a sequential network can be very difficult and time 
consuming if the state information is not directly available. For 
example, consider the problem of determining the value of an 
internal 16-bit counter if only a carry-out signal is available. 
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The counter must be clocked until it reaches the carry-out 
state and the starting value computed. Up to 65,535 clock 
cycles may be necessary! An easier method must exist. Serial 
Shadow Register diagnostics provides this method. | 


Serial Shadow Register Diagnostics 


Serial Shadow Register diagnostics provides sufficient observ- 
ability and controllability to turn any sequential network into a. 
combinational network. This is accomplished by providing the 
means to both initialize (control) and sample (observe) the 
state elements of a sequential network. Figure 2 shows the 
method by which Serial Shadow Register diagnostics accom- 
plishes these. two functions. 
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Figure 2. 


Serial Shadow Register diagnostics utilizes an extra multiplex- 
er on the input of each state register and a duplicate or 
shadow of each state flip/flop in an additional register. The 
shadow register can be loaded serially via the serial data input 
(thus the name Serial Shadow Register diagnostics) for 
controllability. Once the desired state information is loaded 
into the serial register it can be transferred into the internal 
state register by selecting the multiplexer and clocking the 
state register with PK. This allows any internal state to be set 
to a desired state in a simple, quick, and systematic manner. 


Internal state information can be sampled by loading the serial 
register from the state register outputs. This state information 
can then be shifted out via the serial data output to provide 
observability. Notice that the serial data inputs and outputs 
can be cascaded to make long chains of state information 
available on a minimum number of connections. 


In effect, Serial Shadow Register diagnostics breaks the 
normal feedback path of the sequential network and estab- 
lishes a logical path with which inputs can be defined and 
outputs sampled. This means that those techniques which 
have been developed to test combinational networks can be 
applied to any sequential network in which Serial Shadow . 
Register diagnostics is utilized. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature .....................e eee eee -65 to + 150°C Commercial (C) Devices 
Ambient Temparature with Ambient Temperature (Ta) .................0000- 0 to +75°C 
Power Apened 53... ig ecxtaeasagiderwisurents -55 to +125°C Supply Voltage (Vcc) .............6+: +4.75 V to +5.25 V 
SUNY: WONUIRENE i co cs oan ade Ore viedo nase -0.5 V to +7.0 V Milita ee 
ry (M) Devices 
Fees . seed sohenatben) 0.5 to Voc Max Case Temperature (Tc) ............:.0eeeee -55 to +125°C 
cena = = Hine tee Supply Voltage (Vcc) .............0008 $4.5 V to +5.5 V 
DC Voltage Applied to Outputs PPIy ge (Vcc) 
Deer PT IPN soo cons rc ooh coo vas vote peascuctacctavas 21 V : St 
Biiout pe J sts: Claes During Operating ranges define those limits between which the 
Programming (Max. Duration of 1 sec.) 250 mA functionality and parameters of the device are guaranteed. 
DC Input Voltage Gis. wisi acaly wip Mivieo ah Sin be se Po gies 8 Bes -0.5 V to +5.5 V *Military product 100% tested at Tc = +25°C, + 125°C, 
ie EO ROU «25 os asvingneassanap eo er -30 mA to +5 mA and -55°C. 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, Group A, 
Subgroups 1, 2, 3 are tested unless otherwise noted) 


Parameter Parameter 
Symbol Description Test Conditions Typ. 


Input Voltage HIGH Guarantee Input HIGH Voltage (Note 1) BE a Ries ee 
Input Voltage LOW Guarantee Input LOW Voltage (Note 1) Bee Sara ee Se 
COM'L lot 
Sige (DQ9 - DQ3) = 24 mA 
Voc = Min. 
Output Voltage (LOW) pe Se MIL loi 
(DQ - DQ3) = 18 mA 
lo. (SQ) =4 mA 
' DQp - DQ 
Output Short-Circuit Current | Vcc = Max : : 
Vout =0 V (Note 2) SQ 
Ta = 25°C 


| Vi __| Input Clamp Voltage Voc = Min., lin =-18 mA 
VIN = 2.7 V 
Input Current (HIGH) Voc = Max. 
Vin = 5.5 V 
Io Output Leakage Current Voc = Max. Vout = Voc 
EX VG/GS = 2.4 V (Note 3) Vout = 0.4 V 
= = 


2.4 
-20 
-10 


-1.2 
25 
— 150 
185 
165 
195 


COM'L 175 


4 A 
> > 
| oO 
oO 


Voc = Max., All inputs = 0.0 V 
(Note 4) 


Power Supply Current 


Vcc = Min. lon (DQ9 - DQ3) =-2 mA 
Output Voltage (HIGH) Var@ Vii Or Vi lon (SQ) =-0.5 mA 
Input Current (LOW) Voc = Max., Vin = 0.40 V 
=0°C 
Tc =-55°C 


MIL |To = 25°C 
To = 125°C 


V\ 

VOH 

VOL 

lH 

NL 

Isc 

Icc 

CIN Input Capacitance Voc = 5.0 V, Ta = 25°C pF 
Output Capacitance Vin/VouT = 2.0 V @ f= 1 MHz (Note 5) 12 


Notes: 1. Vi, and Viy are input conditions of output tests and are not themselves directly tested. Vj, and Vjy are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 

2. Only one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
3. For devices using the synchronous enable, the device must be clocked after applying these voltages to perform this 
measurement. 

loc limits at temperature extremes are guaranteed by correlation to 25°C test limits. 

. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 

capacitance may be affected. 


oe 


5-164 Am27S85/27S85A 


SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, 
Group A, Subgroups 9, 10, 11 are tested unless otherwise noted*) (Note 1) 


Am27S85A Am27S85 
[come Twn [come Tw 
Parameter Parameter 


syn sesrpt sts 


ee 
Pod. [od ime 


Pep fet pel Tam 


TGSVPKH GS to PK HIGH Setup Time (Note 4) 
TPKHGSX GS to PK HIGH Hold Time (Note 4) 


Delay from PK HIGH to Output Valid, for initially 
TPKHDQV2 High Z outputs (Note 4) 

Delay from PK HIGH to Output High Z 
TPKHDQZ (Notes 2 & 4) 

Delay from | LOW to Output Valid (HIGH or LOW) 
TILDQV (Note 5) 
TIHPKH Asynchronous | Recovery to PK (HIGH) 

(Note 5) 


TILIH Asynchronous | Pulse Width (LOW) (Note 5) 
TISVPKH iS to PK HIGH Setup Time (Note 6) 
TPKHISX 1S to PK HIGH Setup Time (Note 6) 


Notes: 1. Tests are performed with input transition time of 5 ns or less, timing reference levels of 1.5 V, and input pulse levels of 0 to 3.0 

V, using test loads in A & B. 

2. TGHDQZ and TPKHDQZ are measured to Steady State HIGH -0.5 V and Steady State LOW +0.5 V output levels, using the 
test load in C. 

3. Applies only if the architecture is configured for Asynchronous Enable. 

4. Applies only if the architecture word has been programmed for a Synchronous Enable input. 

5. Applies only if the architecture word has been programmed for a Asynchronous Initialize input. 

6 

7 


Bac 
nn 
pope 
ge 
on 


MM] PP pen elk 
oO;1o}] Oo ine) oO 
ine) 
Nh 
mM 
oO 


nm} a] = © 
a a 
ce ‘ 
alr} rp] @ = nN 
alal o on ro) 
wo] nm] nr m | wo 
alal a a | Oo 


. Applies only if the architecture word has been programmed for a Synchronous Initialize input. 
. Minimum Delay times are guaranteed by design and supported by characterization data. 


“Subgroups 7 and 8 apply to functional tests. 


DIAGNOSTIC MODE SWITCHING CHARACTERISTICS over operating ranges unless otherwise 
specified (for APL Products, Group A, Subgroups 9, 10, 11 are tested unless otherwise noted*) 
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COM'L MIL 
Parameter Parameter 


Symbol Description | Min. | Max. | Min. | 
[16 | TSOVOKH | Serial Data in to DK HIGH Setup Time —=SsSSC«dT= | SSCS] SCS i 
P17 | TOKHSDX | Serial Data in to DK HIGH Hold Time SS] | SSC] (| Sd Ss i 
P18 | TMVPKH | Mode to PKHIGH Setup Time = SSSSC~«dG=CBSTSCdC TST 
Ce AX, | Made PK MBH Me Tinoco | eee pes] OL) 
[20 | TWVDKH | Mode to DK HIGH Setup Time —SC«TC |S TCTs 
P21 | TOKHMX | Mode to DK HIGH Hold Time —=—S=SsSsS=~<“~*~‘“~‘dO~C*dTSC“‘z!' OCLC ro | 
P22 | TOQVDKH | Output Data in to DK HIGH Setup Time ——=Ss—SSCsd| | dT |i 
Ce Ee 
PTOKHSGV___| Delay from DK HIGH to Serial Data Output Shiting | | 90 | | 5 _| 


Delay from SD Valid to SQ Valid 
= oe og pu HIS Lace 
TDKHDKL 
27 TMHSQV Delay from Mode (HIGH or LOW) 25 30 
TMLSQV to SQ Valid 


See also Switching Test Circuits. 
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SWITCHING WAVEFORMS 


KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


MUST BE WILL BE 
STEADY STEADY 


WILL BE 
MAY CHANGE CHANGING 


FROMHTOL = EROMH TOL 


WILL BE 
MAY CHANGE CHANGING 


FROML TOH FROM L TOH 


DON'T CARE; CHANGING; 
ANY CHANGE STATE 
PERMITTED UNKNOWN 


CENTER 
DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 

“OFF” STATE 


KS000010 


COCK eN @ = 


(1) (2) 
ADDRESS 09'9'6'G, > WOOO OOK KKK KK KKK KK KKK KKK KKK KN 
- = VALID ADOR 
Re Ais PI = PIO 


OUTPUTS HI-Z 
Ddg - Das = VALID OUTPUT f) 


OUTPUT ENABLE 
G 


© 


WF020770 


Timing Set 1. Using Asynchronous Enable 


CLOCK 
PK 


AD DR Ess PES ) KX XX KX XX OXKKAX Kx x o (xx $ ( VALID ADDRESS ) \X o oe ee wy, 
Ro Ais BE RR KKK RXR LTE ADBRESS KX 


@ 
/, 


RE sees © WHI, NN 


WF020780 


Timing Set 2. Using Synchronous Enabie 
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SWITCHING WAVEFORMS (Cont'd.) 


@ 
CLOCK 
PK @ \ AN 
AD DRESS syorrerennennr © 2 
ER NA aan ae 
© 


Ag - Axi 


OUTPUTS VALID 


Co CT es CCAD Co 
e) © 
INITIALIZE a3 YY 


IT 


Timing Set 3. Using Asynchronous Initialize 


@ 
CLOCK 
PK @ K\ \\ 
WX? v ~ ~ oN 
ADDR ESS Val evatavay, 3 XXX XXX 
soot, REE se ome |X Xn ee SE 
© 
aa a as a 


OUTPUTS a VALID OUTPUT 


DG@g - DG@s 
3-5 © 


eaten 4 


Is 


Timing Set 4. Using Synchronous Initialize 


hal teenies tants a hyiataiaaae I 
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SWITCHING WAVEFORMS (Cont'd.) 


® 
ae ea N 
O—* 
PE, Kee oe 
© 


=o 
sR. Dae Gor. 
é3) (©) if) De 


See 


“ge f-@ RWW 
(6) ss 

mam ns RK vad X 
= S, eS a 

Conczo ournir ure ourmuyffoncae outer X St 


| Shift Data in Shadow Regreter |Load Pipeline Register| 
Normal Pipeline Operation From Shadow Register 


SERIAL DATA OUT 
S@ 


WF020810 


Timing Set 5. Diagnostic Test Mode (System Control) 


® 
oe ee ee 


OUTPUTS 
DQ@g - DQ3 


VY 


MODE 
M 


= 


SERIAL DATA IN 

SD , VALID 

e? €3 e? e4) 

SERIAL. DATA OUT VALID & VA 

= VALID OUTPUT # ouTRUT y, OUTPUT 

| Normal Pipeline Operation | Load Shadow Register | Normal Pipeline. Operation 
From Qutputs Shift Shadow Ragister 
WF020820 


Timing Set 6. Diagnostic Test Mode (System Observation) 
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SWITCHING TEST CIRCUITS 


5.0 V 5.0V 5.0 V 
4 | 
Si Si 
oe O 1200 9 ri 
Output Output 
Output 
5@ pF $6a070 Spr $6200 
| | 15 pF 24038 0 I 
TC003442 = = TC003452 
TC002951 
A. Output Load for DQ9-DQ3 B. Output Load for SQ C. Output Load for TGHDQZ and 
TPKHDQZ on Outputs 
DQo - DQ3 


Notes: 1. All devices test loads should be located within 2” of device output pin. 
2. S; is open for Output Data HIGH to Hi-Z and Hi-Z to Output Data HIGH tests. S; is closed for all other 
AC tests. 
3. Load capacitance includes all stray and fixture capacitance. 


NOTES ON TESTING 


Incoming test procedures on these devices should be carefully power supply voltage, creating erroneous function or tran- 

planned, taking into account the high performance and output sient performance failures. 

drive capabilities of the parts. The following notes may be 2. Do not leave any inputs disconnected (floating) during any 

useful. loata: 

1. Ensure that adequate decoupling capacitance is employed 3.Do not attempt to perform threshold tests under AC 
across the device Vcc and ground terminals. Multiple conditions. Large amplitude, fast ground current transients 
capacitors are recommended, including a 0.1yFarad or normally occur as the device outputs discharge the load 
larger capacitor and a 0.01puFarad or smaller capacitor capacitances. These transients flowing through the parasitic 
placed as close to the device terminals as possible. inductance between the device ground pin and the test 
Inadequate decoupling may result in large variations of system ground can create significant reductions in observ- 


able input noise immunity. 
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Am27S181/27S181A | at 
Am27S281/27S281A Advanced 


Micro 
8,192-Bit (1024x8) Bipolar PROM Devices 
DISTINCTIVE CHARACTERISTICS 
@ Fast access time allows high system speed @ Platinum-Silicide fuses guarantee high reliability, fast 
@ 50% power savings on deselected parts —- enhances programming and exceptionally high programming 


reliability through total system heat reduction yields (typ > 98%) 


@ Rapid recovery from power-down state provides mini- 
mum delay 


GENERAL DESCRIPTION 


The Am27S181 (1024 words by 8 bits) is a Schottky TTL replacement. Easy word-depth expansion is facilitated by 
Programmable Read-Only Memory (PROM). both active LOW (G1 and Go) and active HIGH (G3 and Ga) 


This device has three-state outputs which are compatible 


output enables. 


with low-power Schottky bus standards capable of satisfy- a 
ing the requirements of a variety of microprogrammable This device is also available in a 300-mil. lateral-center DIP 


controls, mapping functions, code conversion, or logic (Am27S281). 


BLOCK DIAGRAM 


dS 
eee See 64 X 128 
7 7 
opine ROW PROGRAMMABLE 
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Ag — 
5 iba | Se as ee as a a 
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Ag — 
rope EE ES 
Gg C&D 
silamay sy eyes 
eee | es ieee f Go rs fe i See 
Qg Q@, Ga Q3 Qg As Ag Q7 
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PRODUCT SELECTOR GUIDE 


Three-State Am27S181A, Am27$181, 
Part Number Am27S281A Am27$8281 
Address Access 
Time 
ae eee ee 


Cc 


icati Rev. Amendment 
03182 D /0 
Issue Date: January 1989 


CONNECTION DIAGRAMS 
Top View 
DIP LCCs** 


what 


CD009561 


CD000821 
CD000791 


*Also available in a 300-mil DIP and a 24-pin Flatpack. Pinout identical to those listed here for the 600-mil DIP. 
**Also available in a 28-Pin Square PLCC. Pinout identical to the 28-Pin LCC. 


Note: Pin 1 is marked for orientation. 


LOGIC SYMBOL 


Ag Ay A2 Az Aq As Ag A7 Ag Ag 


LS000193 
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ORDERING INFORMATION 
(Am27S181/181A) 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e 

f 


oa 


. Optional Processing 
. Alternate Packaging Option 


AM27S181 A D C B -s 


a f. ALTERNATi: PACKAGING OPTION 


-S = 28-Pin Square Ceramic Leadless Chip 
Carrier with Thinner Ceramic Thickness 
(CLT028) 


e. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C = Commercial (0 to + 75°C) 


c. PACKAGE TYPE 
P = 24-Pin (600-Mil) Plastic DIP (PD 024) 
D = 24-Pin (600-Mil) Ceramic DIP (CD 024) 
L = 32-Pin Rectangular Ceramic Leadless Chip 
Carrier (CLRO32) 
J = 28-Pin Plastic Leaded Chip Carrier 
(PL 028) 


b. SPEED OPTION 
A=35 ns 
Blank = 60 ns 


a. DEVICE NUMBER/DESCRIPTION 
Am27S181/Am27S181A 
1024 x 8 Bipolar PROMs (600 Mil) 


Valid Combinations 


Valid Combinations 
AM27S181 PC, PDB, DC, DCB, 
LC, LCB, LC-S, LCB-S, 
AM27S181A 


JC, JCB 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 
products. 
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MILITARY ORDERING INFORMATION 
(Am27S181/181A) 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) 
for APL products is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Device Class 

d. Package Type 

e. Lead Finish 


/B J A 
oo LEAD FINISH 
A = Hot Solder Dip 
d. PACKAGE TYPE 


J = 24-Pin (600-Mil) Ceramic DIP (CD 024) 

K = 24-Pin (600-Mil) Ceramic Flatpack 
(CFM024) 

U = 32-Pin Rectangular Ceramic Leadless 
Chip Carrier (CLRO32) 

3 = 28-Pin Square Ceramic Leadiess Chip 
Carrier with Thinner Ceramic Thickness 
(CLT028) 


AM27$181 A 


c. DEVICE CLASS 
/B =Class B 


b. SPEED OPTION 
A= 50 ns 
Blank = 80 ns 


a. DEVICE NUMBER/DESCRIPTION 
AM27S181/Am27S181A 
1024 x 8 Bipolar PROMs (600 Mil) 


Valid Combinations 


Valid Combinations 
AM27S181 /BJA, /BKA, /BUA, 
AM27S181A /B3A 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 


Group A Tests 


Group A tests consist of Subgroups 
4; 22957o eee 1. 


MILITARY BURN-IN 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. Test 
conditions are selected at AMD's option. 
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ORDERING INFORMATION 
(Am27S281/281A) 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM27S281 A D C B 


woe e. OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C =Commercial (0 to + 75°C) 


c. PACKAGE TYPE 
P = 24-Pin (300-Mil) Plastic DIP (PD3024) 
D = 24-Pin (300-Mil) Ceramic DIP (CD3024) 


b. SPEED OPTION 
A= 35 ns 
Blank = 50 ns 


a. DEVICE NUMBER/DESCRIPTION 
Am27S281/Am27S281A 
1024 x8 Bipolar PROMs (300 Mil) 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 

| _AM27S281A_ sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 


products. 
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MILITARY ORDERING INFORMATION 
(Am27S281/281A) 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) 
for APL products is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Device Class 

d. Package Type 

e. Lead Finish 


A 
se LEAD FINISH 


A =Hot Solder Dip 


AM27S281 A SB t= 


d. PACKAGE TYPE 
L = 24-Pin (300-Mil) Ceramic DIP (CD3024) 


c. DEVICE CLASS 
/B =Class B 


b. SPEED OPTION 
A=50 ns 
Blank = 80 ns 


a. DEVICE NUMBER/DESCRIPTION 
Am27S281/Am27S281A 
1024 x 8 Bipolar PROMs (300 Mil) 


Valid Combinations 


Valid Combinations 


AM27S281 
/BLA 
AM27S281A 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 


Group A Tests 


Group A tests consist of Subgroups 
4; 12 at ee 


MILITARY BURN-IN 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. Test 
conditions are selected at AMD's option. 


PIN DESCRIPTION 


Ao-Ag Address Inputs state. 
The 10-bit field presented at the address inputs selects one Enable = G; *Go° G3: G4 
of 1,048 memory locations to be read from. Upc a a 
Qo-Q7 Data Output Port Disable = Gy - G2 + Gg + G4 
The outputs whose state represents the data read from the = G1 +G2+G3+G4 
selected memory locations. Vcc Device Power Supply Pin 
G, Go, G3, G4 Output Enable The most positive of the logic power supply pins 
Provides direct control of the Q output buffers. Outputs GND Device Power Supply Pin 
disabled force all outputs to a floating or high-impedance The most negative of the logic power supply pins. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature ................cceceeeeeeee -65 to + 150°C Commercial (C) Devices 
Ambient Temperature with Ambient Temperature (Ta) .................0008. 0 to +75°C 
PE I ining ova pantotiar skits ite van ne -55 to +125°C Supply Voltage (Vcc) .............05 +4.75 V to +5.25 V 
te NI 5 ood, vin chsuaeaess canloaeiises -0.5 V to +7.0 V Milit te 
ary (M) Devices 
DC ‘Voltage Applied 0 Outputs Case Temperature (TC) ..............eeeeees -55 to +125°C 
(Except During: Programming) .,..... 0.5 V to #Vee Max. Supply Voltage (VCC) ........-....eeeee +45 V to +55 V 
DC Voltage Applied to Outputs f 
CI) FCP II MUU ache cas a vekennereses coe sccusmedebeabers 21 V } aN ; 
Output Current into Outputs During Operating ranges define those limits between which the 
Programming (Max. Duration of 1 sec) ............ 250 mA functionality of the device is guaranteed. 
DC Input Voltage piece Wake VaR ER YO Tener Rss <0) -0.5 V to +5.5 V *Military product 100% tested at To= + 25°C, +125°C, 
GMI MOONE 5 sksih ca eadeavcnds sevice -30 mA to +5 mA and -55°C. 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, Group A, 
Subgroups 1, 2, 3 are tested unless otherwise noted) 


Fah 
Som er ee ey 
SRA |r 1 pecan ORD MS BTA ST 
ers Cuaetees eae ee ee 


Input LOW Current Voc = Max., Vin = 0.45 V 


Seg ame od Rea ea 2 ae 
es ee 


Circul Voc = Max., Vour = 0.0 V 
Output Short-Circuit Current (Note 1) ee 


Power Supply Current All Inputs = GND 
Voc = Min., lin =-18 mA 


Voc = Max. Vo = Vcc 

Output Leakage Current 

[ouput Letase Curent | YO Vo =0.4 V 
Input Capacitance Season @ f=1 MHz (Note 2) Voc=5 V, 

CouT Output Capacitance Togs = V @ f=1 MHz (Note 2) Vcc =5 V, 


Notes: 1. Not more than one output should be shorted at a time. Duration of the short-circuit test should not be more than one second. 
2. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
capacitance may be affected. 


3. Vi_ and Vip are input conditions of output tests and are not themselves directly tested. Vj, and Vj are absolute voltages with respect to 
device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values without suitable equipment. 


SWITCHING CHARACTERISTICS (for APL Products, Group A, Subgroups 9, 10, 11 are tested unless 
otherwise noted*) 


COM'L MIL 
Parameter Parameter | com, | Mit 
Symbol Description Version 

ee TAVQV Address Valid to Output Valid Access Time 
TGVQz Delay from Output Enable Valid to Output Hi-Z 
TEVaz 
TGVQV Delay from Output Enable Valid to Output Valid 
TEVQV 


See also Switching Test Circuits. 


Notes: 1. Tests are performed with input transition time of 5 ns or less, timing reference levels of 1.5 V, and input pulse levels of 0 to 3.0 V using test 
load in Figure A. 

2. TGVQZ is measured at steady state HIGH output voltage -0.5 V and steady state LOW output voltage + 0.5 V output levels using the test 
load in Figure B. 
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SWITCHING TEST CIRCUITS 


5.0 V 5.0 V 
4 | 
Sy Si 
3200 388 nN. 

- oF $620 r pF 622 9 

TC003441 TC003452 

A. Output Load for all Switching tests except B. Output Load for TGVQZ 

TGVQZ 


Notes: 1. All device test loads should be located within 2” of device output pin. 


2. S; is open for Output Data HIGH to Hi-Z and Hi-Z to Output Data HIGH tests. 
S; is closed for all other Switching tests. 


3. Load capacitance includes all stray and fixture capacitance. 


SWITCHING WAVEFORM 
KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 


MUST BE WILL BE 
STEADY STEADY 


WILL BE 
CHANGING 
FROM H TOL 


MAY CHANGE 
FROMH TOL 


WILL BE 
CHANGING 
FROML TOH 


MAY CHANGE 
FROML TOH 


DON'T CARE; CHANGING; 
ANY CHANGE STATE 
PERMITTED UNKNOWN 


CENTER 
DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 

“OFF” STATE 


KS000010 


ADDRESS WW 
Fa- 8g /X\ 


TEVAYV 
KKK / 
acrorames | KERR 
QUTPUTS SQL VALID OUTPUT {VALID OUTPUT XX 
rel 


il 


A XXKXKKXKX \ 1X 


Qg - Q7 re Wd 


Gi, Ga 
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Am273185/27S185A 


8,192-Bit (2048x4) Bipolar PROM 


ct 


Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 


Ultra-fast access time ''A'' version (35 ns Max.) — Fast 
access time Standard version (50 ns Max.) — allow 
tremendous system speed improvements 
Platinum-Silicide fuses guarantee high reliability, fast 
programming and exceptionally high programming 
yields (typ > 98%) 


@ AC performance is factory tested utilizing programmed 
test words and columns 

@ Voltage and temperature compensated providing ex- 
tremely flat AC performance over military range 

@ Member of generic PROM series utilizing standard 
programming algorithm 


GENERAL DESCRIPTION 


The Am27S185 (2048 words by 4 bits) is a Schottky TTL 
Programable Read-Only Memory (PROM). 


This device has three-state outputs, compatible with low- 
power Schottky bus standards capable of satisfying the 


BLOCK 
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Ag tie 
A 
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Ag eae 
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Aig =e 
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Three-State 
Part Number Am27S185A Am27S185 
Address Access 
Time 
aoe a 


requirements of a variety of microprogrammable controls, 
mapping functions, code conversion, or logic replacement. 
Easy-word depth expansion is facilitated by an active LOW 
(G) output enable. 


DIAGRAM 


128 X 6&4 


PROGRAMMABLE 
ARRRY 


[ae | es Sat 


4_—-1- of 16 MULTIPLEXERS 


icati Rev. Amendment 
03192 D /0 
Issue Date: January 1989 


CONNECTION DIAGRAMS 
Top View 


Rg 


PPP EER SF 


CD000383 


es 8 tr + 


CD009501 


Note: Pin 1 is marked for orientation. 
*Also available in an 18-pin Flatpack. Pinout identical to DIPs. 
**Also available in a 28-pin square PLCC. Pinout identical to LCC. 


LOGIC SYMBOL 


LS002411 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 


b. Speed Option (if applicable) 
c. Package Type 

d. Temperature Range 

e. Optional Processing 

f. Alternate Packaging Option 


AM27S185 A L e B = 


ae f. ALTERNATE PACKAGING OPTION 


-S = 28-Pin Square Ceramic Leadliess Chip 
Carrier with Thinner Ceramic Thickness (CLT028) 


e. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C = Commercial (0 to + 75°C) 


c. PACKAGE TYPE 
P = 18-Pin Plastic DIP (PD 018) 
D = 18-Pin Ceramic DIP (CD 018) 
F = 18-Pin Glass-to-Metal Flatpack (MF 018) 
L = 28-Pin Rectangular Ceramic Leadiess Chip 
Carrier (CLRO28) 
J = 28-Pin Plastic Leaded Chip Carrier (PL 028) 


b. SPEED OPTION 
See Product Selector Guide 


a. DEVICE NUMBER/DESCRIPTION 
Am27S185/Am27S185A 
8,192-Bit (2,048 x 4) Bipolar PROM 


Valid Combinations 


Valid Combinations 


Valid Combinations list configurations planned to be 
PC, PCB, DC 


AM27S185 DCB. FC supported in volume for this device. Consult the local AMD 
FCB, LC, LCB, sales office to confirm availability of specific valid 
AM27S185A LC-S, LCB-S, JC, combinations, to check on newly released combinations, and 
JCB to obtain additional data on AMD's standard military grade 

products. 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) 
for APL products is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Device Class 

d. Package Type 

e. Lead Finish 


AM27S185 A /B Vv A 
eae LEAD FINISH 


A = Hot Solder Dip 
C = Gold 


d. PACKAGE TYPE 
V = 18-Pin Ceramic DIP (CD 018) 
Y = 18-Pin Glass-to-Metal Flatpack (MF 018) 
U = 28-Pin Rectangular Ceramic Leadiess 
Chip Carrier (CLRO28) 
3 = 28-Pin Square Ceramic Leadless Chip Carrier with 
Thinner Ceramic Thickness (CLT028) 


c. DEVICE CLASS 
/B=Class B 


b. SPEED OPTION 
See Product Selector Guide 


a. DEVICE NUMBER/DESCRIPTION 
Am27S185/Am27S185A 
8,192-Bit (2,048 x 4) Bipolar PROM 


Valid Combinations 


Valid Combinations 
AM27S185 /BVA, /BYC, 
AM27S185A /BUA, /B3A, 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 


Group A Tests 


Group A tests consist of Subgroups 
ley ee Cee, es 10, Ae 


MILITARY BURN-IN 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. Test 
conditions are selected at AMD's option. 
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PIN DESCRIPTION 


Ao-Aio Address Inputs Vcc Device Power Supply Pin 
The 11-bit field presented at the address inputs selects one The most positive of the logic power supply pins. 
of 2,048 memory locations to be read from. GND Device Power Supply Pin 
Qo-Q3 Data Output Port The most negative of the logic power supply pins. 
The outputs whose state represents the data read from the 
selected memory locations. 
G Output Enable 
Provides direct control of the Q-output buffers. Outputs 
disabled forces all three-state outputs to a floating or high- 
impedance state. 
Enable =G 
Disable = G 


A 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature .......................eeeee -65 to + 150°C 
Ambient Temperature with 

POWGr ADpliod ... 22. oe cciccsccecasscvevcssecses -55 to +125°C 
SUBIIN -VONBOG oo oc snciccs coctecekaes ts vencdecs -0.5 V to +7.0 V 
DC Voltage Applied to Outputs 

(Except During Programming)....... -0.5 V to +Vcc Max. 
DC Voltage Applied to Outputs 

Bee sa Be a er ee 21 V 
Output Current into Outputs During 

Programming (Max. Duration of 1 sec) ............ 250 mA 
OG-0put_VGRNS ois cities -0.5 V to +5.5 V 
Goer SPE SRMONNG sasces cacdassctverecsdxassas -~30 mA to +5 mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


OPERATING RANGES 


Commercial (C) Devices 


Ambient Temperature (Ta) ...............cceee0e 0 to +75°C 

Supply Voltage (Vcc) .............66: +4.75 V to +5.25 V 
Military (M) Devices 

Case Temperature (Tc).................00 -55 to +125°C 

Supply Voltage (Voc) ............0eeeees +45 V to +55 V 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


“Military products 100% tested at Tc = + 25°C, +125°C, 
and -55°C. 


DC CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, Group A, 


Subgroups 1, 2, 3 are tested unless otherwise noted) 


Parameter Parameter 
Symbol Description 


Vou (Note 1) 


Input HIGH Current Voc = Max., Vin = Voc 


ae Voc = Max. 
Output Short Circuit Current VouT = 0.0 V (Note 3) 


All inputs = GND 
Power Supply Current Voc = Max. 


Voc = Min., lin =-18 mA 
anaes ees 


Notes: 1. This applies to three-state devices only. 


Test Conditions 


Output HIGH Voltage — ae: a eee mA 
Output LOW Voltage Voeeien lo = 16 mA 
Guaranteed input logical HIGH 
esis bes ree voltage for all inputs (Note 2) 
Guaranteed input logical LOW 
aerate voltage for all inputs (Note 2) 


Input LOW Current Voc = Max., Vin = 0.45 V 


2. Vi_ and Vi are input conditions of output tests and are not themselves directly tested. Vi, and Vj} are absolute voltages with 
respect to device ground and inciude all overshoots due to system and/or tester noise. Do not attempt to test these values 


without suitable equipment. 


3. Not more than one output should be shorted at a time. Duration of the short circuit test should not be more than one second. 
4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 


capacitance may be affected. 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, 
Group A, Subgroups 9, 10, 11 are tested unless otherwise noted”) 


Parameter Parameter 
Symbol Description 


a TAVQV Address Valid to Output Valid Access Time 


a TGVQZ Delay from Output Enable Valid to Output Hi-Z 
a TGVQV Delay from Output Enable Valid to Output Valid 


See also Switching Test Circuit. 


Notes: 1. Tests are performed with input transition time of 5 ns or less, timing reference levels of 1.5 V, and input pulse levels of 0 
to 3.0 V. 


SWITCHING TEST CIRCUIT 


300 {2 


a 600 (2 


TC000171 


OUTPUT 


Notes: 1. TAVQV is tested with switch S; closed and C, = 50 pF. 


2. For three-state outputs, TGVQV is tested with C, = 50 pF to 
the 1.5 V level: S; is open for high-impedance to HIGH tests 
and closed for high-impedance to LOW tests. TGVQZ is 
tested with C_ = 5 pF. HIGH to high-impedance tests are ‘ 
made to an output steady state HIGH voitage -0.5 V with S; 
open; LOW to high-impedance tests are made to the steady 
state LOW +0.5 V level with S; closed. 
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SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROM H TOL 


MAY CHANGE 
FROML TOH 


DON'T CARE; 
ANY CHANGE 
PERMITTED 


DOES NOT 
APPLY 


OUTPUTS 
go 8s BOSS rd 
2) 


Am27S185/27S185A 


OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANG! 
FROM H TOL 


WILL BE 
CHANG! 
FROML TOH 


CHANGING; 
STATE 
UNKNOWN 


CENTER 
LINE IS HIGH 
| 

“OFF” STATE 
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TEVAV 
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Am27S191/S191A/S191SA/PS191/PS191A at 
Am27S291/S291A/S291SA/PS291/PS291A Advanced 


Micro 
16,384-Bit (2048x8) Bipolar PROM Devices 
DISTINCTIVE CHARACTERISTICS 
@ Fast access time allows high system speed @ Platinum-Silicide fuses guarantee high reliability, fast 
@ 50% power savings on deselected parts — enhances programming and exceptionally high programming 

reliability through total system heat reduction (27PS yields (typ > 98%) 

devices) @ Voltage and temperature compensated providing ex- 
@ Plug in replacement for industry standard product — no tremely flat AC performance over military range 

board changes required @ Rapid recovery from power-down state provides mini- 


mum delay (27PS devices) 


GENERAL DESCRIPTION 
The Am27S191 (2048 words by 8 bits) is a Schottky TTL replacement. Easy word-depth expansion is facilitated by 


Programmable Read-Only Memory (PROM). both active LOW (G1) and active HIGH (Go and G3) output 
This device has three-state outputs which are compatible iowa 

with low-power Schottky bus standards capable of satisfy- This device is also available in 300-mil, lateral center DIP 
ing the requirements of a variety of microprogrammable (Am27S291). Additionally, this device is offered in a power- 
controls, mapping functions, code conversion, or logic switched, three-state version (Am27PS191/Am27PS291). 


BLOCK DIAGRAM 
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*E nomenclature applies to the power-switched versions only (Am27PSXXxX). 


PRODUCT SELECTOR GUIDE 
Am27PS191, 


Am27S191SA, Am27S191A, Am27S191, Am27PS191A, 
Am27S291SA Am27S291A Am27S291 Am27PS291A Am27PS291 
ee | ee 


Three-State 
Part Number 


Address Access 
Time (ns) 


Operating Range 


5-186 score at 10 


Issue Date: January 1989 


CONNECTION DIAGRAMS 
Top View 


® Bp > pP Pp 
2 8 Be Pie fF 2s 


*Also available in a 24-pin Flatpack. **Also available in a 28-pin Square PLCC. Pinout identical to LCC. 
Pinout identical to DIPs. 


Note: Pin 1 is marked for orientation. 


LOGIC SYMBOL 


Ag Ay Ag Ag Ag Ag Ag Az Ag Ag Ato 
Gey 
Go/EZ 
Gg/Eg 
Qo Q; Qe Qg G& Qs A 


Qy 


LS000033 
*E nomenciature applies to the power-switched versions only (Am27PSXXxX). 
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ORDERING INFORMATION 
(Am27S191/27PS191) 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 


5-188 


b. Speed Option (if applicable) 
c. Package Type 

d. Temperature Range 

e. Optional Processing 

f. Alternate Packaging Option 


AM27S191 A + he Cc a. -$ 


ae f. ALTERNATE PACKAGING OPTION 
-S = 28-Pin Square Ceramic Leadless Chip 
Carrier with Thinner Ceramic Thickness (CLT028) 
. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 
d. TEMPERATURE RANGE 


C =Commercial (0 to + 75°C) 


c. PACKAGE TYPE 
P = 24-Pin (600-Mil) Plastic DIP (PD 024) 
D = 24-Pin (600-Mil) Ceramic DIP (CD 024) 
L = 32-Pin Rectangular Ceramic Leadiess Chip 
Carrier (CLRO32) 
J = 28-Pin Plastic Leaded Chip Carrier (PL 028) 


b. SPEED OPTION 
See Product Selector Guide 


a. DEVICE NUMBER/DESCRIPTION 
Am27S191/S191A/S191SA/PS191/PS191A 
2048 x 8 Bipolar PROMs 
Am27S191 = Three-State PROM 
Am27PS191 = Power-Switched, Three-State PROM 


Valid Combinations 


Valid Combinations 
AM27S191 
AM27S191A 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
PC, PCB, DC, DCB, sales office to confirm availability of specific valid 
AM27S191SA LC, LCB, LC-S, LCB-S, combinations, to check on newly released combinations, and 
AM27PS191 JC, JCB to obtain additional data on AMD's standard military grade 
AM27PS191A products. 
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MILITARY ORDERING INFORMATION 
(Am27S191/27PS191) 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) 
for APL products is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Device Class 

d. Package Type 

e. Lead Finish 


AM27S8191 SA /B 2 A 
ae LEAD FINISH 


A =Hot Solder Dip 


d. PACKAGE TYPE 
J = 24-Pin (600-Mil) Ceramic DIP (CD 024) 
K = 24-Pin Ceramic Flatpack (CFM024) 
U = 32-Pin Rectangular Ceramic Leadiess 
Chip Carrier (CLRO32) 
3 = 28-Pin Square Ceramic Leadiess Chip Carrier 
with Thinner Ceramic Thickness (CLT028) 


c. DEVICE CLASS 
/B =Class B 


b. SPEED OPTION 
See Product Selector Guide 


a. DEVICE NUMBER/DESCRIPTION 
Am27S191/S191A/S191SA/PS191/PS191A 
2048 x 8 Bipolar PROMs 
Am27S191 = Three-State PROM 
Am27PS191=Power-Switched, Three-State PROM 


Valid Combinations Valid Combinations 
AM27S191 Valid Combinations list configurations planned to be 
AM27S191A supported in volume for this device. Consult the local AMD 
AM27S191SA fein /BKA, /BUA, sales office to confirm availability of specific valid 
AM27PS1914 combinations or to check for newly released valid 
combinations. 


AM27PS191A 


Group A Tests 


Group A tests consist of Subgroups 
4 Sh eB, BS TO; 1h 


MILITARY BURN-IN 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. Test 
conditions are selected at AMD's option. 
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ORDERING INFORMATION 
(Am27S291/27PS291) 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid — is 
formed by a combination of: a. Device Number 

b. Speed Option (if applicable) | 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


d. TEMPERATURE RANGE 
C = Commercial (0 to + 75°C) 


OPTIONAL 
Biank = Standard processing 
B = Burn-in 


c. PACKAGE TYPE 
P = 24-Pin (300-Mil) Plastic DIP (PD3024) 
D = 24-Pin (300-Mil) Ceramic DIP (CD3024) 


b. SPEED OPTION 
See Product Selector Guide 


a. DEVICE NUMBER/DESCRIPTION 
Am27S291/S291A/S291SA/PS291/PS291A 
2048 x 8 Bipolar PROMs 
Am27S291 = Three-State PROM 
Am27PS291 = Power-Switched, Three-State PROM 


Pc, PCB, DC, DCB 


AM27PS291 


AM27PS291A 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the focal AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 
products. 
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MILITARY ORDERING INFORMATION 
(Am27S291/27PS291) 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) 
for APL products is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Device Class 

d. Package Type 

e. Lead Finish 


AM278291 SA /B cE A 
ee LEAD FINISH 


A=Hot Solder Dip 


d. PACKAGE TYPE 
L = 24-Pin (300-Mil) Ceramic DIP (CD3024) 


c. DEVICE CLASS 
/B =Class B 


b. SPEED OPTION 
See Product Selector Guide 


a. DEVICE NUMBER/DESCRIPTION 
Am27S291/S291A/S291SA/PS291/PS291A 
2048 x 8 Bipolar PROMs 
Am27S291 = Three-State PROM 
Am27PS291=Power-Switched, Three-State PROM 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 


Group A Tests 


Group A tests consist of Subgroups 
4, Sou. ee ee 10, 


MILITARY BURN-IN 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. Test 
conditions are selected at AMD's option. 
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PIN DESCRIPTION 


'Ao-Aig Address inputs (input) 
The 11-bit field presented at the address inputs selects one 
of 2048 memory locations to be read from. 


Qo-Q7 Data Output Port (Output) 
The outputs whose state represents the data read from the 
selected memory locations. : 


Gi, G2, G3 Output Enable (Input) 
Provides direct control of the Q-output buffers. Outputs 
disabled forces all open-collector outputs to an ''OFF"' state 


FUNCTIONAL DESCRIPTION 


Notes on Power Switching 


The Am27PS191 and Am27PS291 are power-switched de- 
vices. When the chip is selected, important internal currents 
increase from small idling or standby values to their larger 
selected values. This transition occurs very rapidly, meaning 
that access times from the powered-down state are only 
slightly slower than from the powered-up state. Deselected, 
loc is reduced to less than half its full operating amount. Due 
to this unique feature, there are special considerations which 
should be followed in order to optimize performance: 


and all three-state outputs to a floating or high-impedance 
state. 


Enable = Gy «Go «Gg 


Disable = Gj «Go «G3 
=G;+Go+G3 
Vcc Device Power Supply Pin 
The most positive of the logic power supply pins. 


GND Device Power Supply Pin 
The most negative of the logic power supply pins. 


—s 


.When the Am27PS191 and Am27PS291 are selected, a 
current surge is placed on the Vcc supply due to the power- 
up feature. In order to minimize the effects of this current 
transient, it is recommended that a 0.1uf ceramic capacitor 
be connected from pin 24 to pin 12 at each device. (See 
Figure 1.) 


2. Address access time (TAVQV) can be optimized if a chip 
enable set-up time (TEVAV) of greater than 25ns is ob- 
served. Negative set-up times on chip enable (TEVAV < 0) 
should be avoided. (For typical and worse case characteris- 
tics, see Figures 2A and 2B.) 


Am27S191/S191A/S191SA/PS191/PS191A Am27S291/S291A/S291SA/PS291/PS291A 


ABSOLUTE MAXIMUM RATINGS 


OPERATING RANGES 


Storage Temperature ...................eseee eens -65 to + 150°C Commercial (C) Devices 

Ambient Temperature with Ambient Temperature (TA) ..............ceeeeeee 0 to +75°C 
PIE PON os ico e och in c's as inva pxwaio ences -55 to +125°C Supply Voltage (Vcc) .............65. +4.75 V to +§.25 V 

SU MOBO. 55 Cis cy ts i de ntpawceyn dy as -0.5 V to +7.0 V Military (M) Devices* 

Oe YORE 33 pueg: te Cutouts Case Temperature (Tc).............seceeees -55 to +125°C 
(Except During Programming)....... -0.5 V to +Voc Max. Supply Voltage (Vcc) +45 V to +55 V 

OR TIES SSE 8 Os ISU a Oe an Rn 7 iPS SD I Me , } 
PNT RC MIMINIIE ster ctas satelite ciscee eae sa hes 21 V ; < f 

Output Current into Outputs During Operating ranges define those limits between which the 
Programming (Max. Duration of 1 sec) ............ 250 mA functionality of the device is guaranteed. 

te SONICS WENO SECs co ccvhccscteacevatess -0.5 V to +5.5 V 

GS AOU CAHTONNE oii cs cos cs gclecschsutagerses -30 mA to +5 mA “Military product 100% tested at Tc = +25°C, +125°C, 


Stresses above those listed under ABSOLUTE MAXIMUM and -55°C. 


RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, Group A, 
Subgroups 1, 2, 3 are tested unless otherwise noted) 


Oe 
Symbol Description Test Conditions Typ. 

ea taeda ete | 
Seon [eee ee feo f= amd 
ie oem | 


Input LOW Current Voc = Max., Vin = 0.45 V 
Input HIGH Current Voc = Max., Vin = Voc 


Output Short-Circuit Voc = Max., Vout = 0.0 V 
Sc Current (Note 1) 


Eee 
eee 
ae 
ee 
Tice | Power Suppiy Current [Al npute= GND, Vog=WaxSs—CSC~—~idSC~*d 
Tv nput Clamp Vottage | Voo=Min, ==18maA_—SSSCSC~iSCSC*d 

Peel 

ee 


ie Ce 


Voc = Max. Vo = Vcc 
| Output Leakage Current 
; Vin = 2.0 V @ f=1 MHz (Note 2) 
Cin Input Capacitance Voc =5 V, Ta = 25°C 
. Vout = 2.0 V @ f=1 MHz (Note 2) 
Output Capacitance Voc = 5 V, Ta = 25°C 


Notes: 1. Not more than one output should be shorted at a time. Duration of the short-circuit test should not be more than one second. 
2. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
capacitance may be affected. 
3. Vi_ and Viy are input conditions of output tests and are not themselves directly tested. Vi_ and Vj} are absolute voitages with respect to 
device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values without suitable equipment. 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified (for APL Products, 
Group A, Subgroups 9, 10, 11 are tested unless otherwise noted*) 

Am27PS Version 
COM'L MIL 


Parameter Parameter 
Symbo!t |: © _ Description 


a TAVQV a Valid to Output Valid Access 
ime 

TGVQZ Delay from Output Enable Valid to 

TEVQZ Output Hi-Z 


o 


TGVQV Delay from Output Enable Valid to 
TEVQV Output Valid 
Power-Switched Address Valid to Output 
TAVQV1 Valid Access Time (Am27PS Versions 
only) 


See also Switching Test Circuits. 


Notes: 1. Tests are performed with input transition time of 5 ns or less, timing reference levels of 1.5 V, and input pulse levels of 0 to 3.0 V. 
2. TGVQZ is measured at steady state HIGH output voltage -0.5 V and steady state LOW output voltage +0.5 V output levels. 
3. TAVQV is tested with switch S; closed and C; = 50 pF. 
4. TGVQV is tested with C, = 50 pF to the 1.5 V level; S; is open for high impedance to HIGH tests and closed for high impedance to LOW 
tests. TGVQZ is tested with C_ = 5 pF. HIGH to high impedance tests are made with S; open to an output voltage of steady state HIGH 
-0.5 V with S; open; LOW-to-HIGH impedance tests are made to the steady state LOW +0.5 V level with S; closed. 


*Subgroups 7 and 8 apply to functional tests. 


a 


a 


SWITCHING TEST CIRCUIT 


Vec oof 


300 £2 


OUTPUT 


Ro 


= 600 1 
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SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROM H TOL 


MAY CHANGE 
FROM L TOH 


DON'T CARE; 
ANY CHANGE 
PERMITTED 


DOES NOT 
APPLY 


OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


WILL BE 
CHANGING 
FROML TOH 


CHANGING; 
STATE 
UNKNOWN 


CENTER 
LINE IS HIGH 
IMPEDANCE 


“OFF” STATE 


KS000010 


TEVAY 
om EX eee [EK 
a) ( CA ET ORK 


ee 
Q@g - o7 


XXKK/ 
ROK eer |} i er 
ol e 
Gy/Ey 
WF021572 
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53/63RA1681/A 


2048 x8 High Performance 


Registered PROM with Asynchronous Enable 


c\ 


FEATURES/BENEFITS 
Synchronous output enable 
Edge-triggered “D” registers 


Versatile 1:16 user programmable initialization 
words 


8-bit-wide in 24-pin SKINNY DIP® for high board 
density 


Simplifies system timing 
Faster cycle times 
16mA |,, output drive capability 


Reliable titanium-tungsten fuses (TiW), with 
programming yields typically greater than 98% 


GENERAL DESCRIPTION 


The 53/63RA1681 and 53/63RA1681A are 2Kx8 
PROMs with on-chip “D”-type registers, output enable 
control through an asynchronous enable input, and flex- 
ible start-up sequencing through programmable initiali- 
zation words. 


Data is transferred into the output registers on the rising 
edge of the clock. Provided that the asynchronous 
enable (E) is LOW, the data will appear at the outputs. 
Prior to the positive clock edge, register data are not 


affected by changes in addressing. 


Memory expansion and data control are made flexible 
with asynchronous enable inputs. Outputs may be set 
to the high-impedance state at any time by setting Etoa 
HIGH. 


SELECTION GUIDE 


Memory 


CD 3024 

16K 2048x8 24 PD 3024 
(28) PL 028 
CL 028 

CFM 024 


SKINNYDIp® is a registered trademark of Advanced Micro Devices. 
PLE™ is a trademark of Advanced Micro Devices. 
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ee ee 
Performance 


Advanced 
Micro 
Devices 
APPLICATIONS 
e Microprogram control store 
e State sequencers 


Next address generation 
Mapping PROM 


Programmable Logic Element (PLE™) 
11 Inputs, 8 Registered Outputs, 2048 product 
terms 


The flexible initialization feature allows start-up and 
time-out sequencing with 1:16 programmable words to 
be loaded into the output registers. With the synchro- 
nous INITIALIZE (IS) pin LOW, one of the sixteen col- 
umn words (A3—A0) will be set in the output registers 
independent of the row addresses (A9—A4). With all IS 
column words (A3—A0) programmed to the same pat- 
tern, the IS function will be independent of both row and 
column addressing and may be used as a single pin 
control. With all IS words programmed HIGH, a PRE- 
SET function is performed. The unprogrammed state of 
IS words is LOW, presenting a CLEAR with IS pin LOW. 


Part Number 


Standard 63RA1681 53RA1681 


Publication # Rev. Amendment 


11206 A 
Issue Date: October 1988 


/0 


BLOCK DIAGRAM 


A8& 1 OF 128 128X128 
A7 ROW PROGRAMMABLE 
A6 DECODER ARRAY 


16 PROGRAMMABLE 
‘INITIALIZE WORDS 


ee Cou 


re 1 OF 16 a 
“ DECODER MULTIPLEXER 
rv yivvvy 4 
: 8 BIT EDGE TRIGGERED 
a) ? REGISTER 


te eee | 
eas EERE ETL 


1315: 01 Qo Qi G2 Q3 Q4 Q5 Q6 Q7 


PIN CONFIGURATIONS 


AG AB 
Z\4|3{2 {1 |28]27/26)\ 


A4 {5 | 125] A10 
as fe zal is 
A2 23] E 
Ai [8] 2048 x 8 122] CLK 
Ao {9 | NC 
Nc [[} 10 NC |10 120] Q7 
Qo [11 Qo [11] Q6 
\(12/13]14/15]16[17|18)/ 
Q2 N 
Q1 GND @Q3 Q5 
1315 03 1315 04 
Plastic Chip Carrier Leadless Chip Carrier 


1315 02 
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ABSOLUTE MAXIMUM RATINGS 


Operating Programming 
SUpply VOHAGE Vg ..ccscessoceeeees OG 107 Wesvcapaksicct casentucs 12V 
WAPI IRIN hea ccniacusiscdesccasecsioade SEAMING N= phiicch oeC sages saane> 7V 
MN EOI 5 ac skiccvevcwnxecsanyst —30 mA to +5 mA 
Off-state output voltage ......—0.5 V to 5.5 V wesc 12V 


Storage temperature ....... —65°C to +150°C 


Stresses above those listed under “Absolute Maximum Rat- 
ings” may cause permanent damage to the device. This is a 
stress rating only, and functional operation of the device at 
these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Expo- 
sure to Absolute Maximum Rating conditions for extended 
periods of time may affect reliability. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 


OPERATING CONDITIONS 
ae Commercial 
Symbol Parameter 53 | SSRA16SIA 681A 53RA1681 63RA1681A 63RA1681 Unit 


2" [| wi. [ann [en [wn [te 


wmaonmae [wl=| [=| [=| |» 
I 


= 
“” 


= | 
” 


t,(IS) | Setup time form IS to clock ea gaa Pe ae aes ns 


t(A) 
t,(IS) 


Hold time address to clock 


ror cae eS ore 


<M, 


Tt; Operating temperature* 


* This is defined as the instant-on case temperature. 


= |eworeme is [oso | os| we [om] em] a] oa 


ref ml elm] ol =| 


? Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. 


Test conditions are selected at AMD’s option. 
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53/63RA1681/A 


Electrical Characteristics Over Operating Conditions. For APL Products, Group A, Subgroups 1, 2, 3 are 
tested unless otherwise noted. 


Sybil] Parameter ‘| _____Yestondona ‘| Win | Twn | wax. [Um 
i [isrwnvewm [TS 


Vic | =-18 mA ieee 12 | V 
. Pwceay P| 
er Te ta 
va giao | | as ys 
com [eae 
: vay Es 
pA 
= vr2a ae 
: ee 
in Supply current = MAX. All inputs TTL. All outputs open. eo ae 185 | mA 


Switching Characteristics Over Operating Conditions (See standard test load). For APL Products, Group A, 
Subgroups 9, 10, 11 are tested unless wes ae noted. tt 


Commercial 


Symbol Parameter Typ.t | 53 ai 681A | 53RA1681 | 63RA1681A | 63RA1681 Unit 


coawomaoey fw] [=| [=| 


femeeatet pe tel 
Deatiwawpanewyine | 18 | || | *| [a] | % 


* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 


** Vand V,,, are input conditions of output tests and are not themselves directly tested. V,, and V,,, are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 


t Typicals at 5.0 V V,,. and 25°C T,. 


tt Subgroups 7 and 8 apply to Functional tests. 
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OUTPUT 


1315 06 
Figure 1. Switching Test Load 
WAVEFORM INPUTS OUTPUTS 
DON'T CARE: CHANGING: 
CHANGE PERMITTED STATE UNKNOWN 
NOT CENTER LINE IS 
APPLICABLE HIGH IMPEDANCE STATE 
MUST BE STEADY WILL BE STEADY 
1314 07 


Figure 2. Definition of Timing Diagrams 


my 


CLK 


INPUT PULSE AMPLITUDE 0 V TO3.0 V. 
INPUT RISE AND FALL TIMES 2-5 ns FROM 0.8 V TO 2.0 V. 


NOTES: 1 
2. 
3. INPUT ACCESS MEASURED AT THE 1.5 V LEVEL. 
4 
5 


SWITCH S ;CLOSED, C, =30 pF AND MEASURED AT 1.5 V OUTPUT LEVEL FOR ALL TESTS EXCEPT te, ANDt ep . 
tea |S MEASURED AT THE 1.5 V OUTPUT LEVEL WITHC, =30 pF. S; IS OPEN FOR HIGH IMPEDANCE TO “1” TEST, 
AND CLOSED FOR HIGH IMPEDANCE TO “0” TEST. 


ten IS TESTED WITH C, =5 pF. S; IS OPEN FOR “1” TO HIGH IMPEDANCE TEST, MEASURED AT Voy - 0.5 V OUTPUT LEVEL; 
S; 1S CLOSED FOR “0” TO HIGH IMPEDANCE TEST, MEASURED AT Vo, + 0.5 V OUTPUT LEVEL. 


Figure 3. Definition of Waveforms 1315 05 
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93/63RS881/A 


High Performance 1024x8 Registered PROM 


ct 


Advanced 
Micro 
Devices 


FEATURES/BENEFITS 

¢ Edge triggered “D” registers 

* Synchronous and asynchronous enables 
« Versatile 1:16 initialization words 


* §8-Bit-wide in 24-pin SKINNYDIP® package for 
high board density 


- Simplifies system timing 
- Faster cycle times 
¢ 16 mA IOL output drive capability 


¢ Reliable titanium-tungsten fuses (TIW), with 
programming yields typically greater than 98% 


APPLICATIONS 

¢ Microprogram control store 
* State sequencers 

¢ Next address generation 

* Mapping PROM 


¢ Programmable Logic Element (PLE™) 10 inputs, 
8 Registered Outputs, 1024 product terms 


DESCRIPTION 

The 53/63RS881 and 53/63RS881A are 1Kx8 PROMs 
with on-chip “D” type registers, versatile output enable 
control through synchronous and asynchronous enable 
inputs, and flexible start-up sequencing through pro- 
grammable initialization. 


Data is transferred into the output registers on the rising 
edge of the clock. Provided that the asynchronous (E) 
and synchronous (ES) enables are LOW, the data will 
appear at the outputs, Prior to the positive clock edge, 
register data are not affected by changes in addressing 
or synchronous enable inputs. 


Memory expansion and data control is made flexible 
with synchronous and asynchronous enable inputs. 
Outputs may be set to the high-impedance state at any 
time by setting E to a HIGH or if ES is HIGH when the 
rising clock edge occurs. When V_,, power is first ap- 


SELECTION GUIDE 


plied, the synchronous enable flip-flop will be in the set 
condition, causing the outputs to be in the high-imped- 
ance state. 


The flexible initialization feature allows start-up and 
time-out sequencing with 1:16 programmable words to 
be loaded into the output registers. With the synchro- 
nous INITIALIZE (IS) pin LOW, one of the sixteen col- 
umn words (A3—A0) will be set in the output registers in- 
dependent of the row addresses (A9—A4). The unpro- 
grammed state of IS words are LOW, presenting a 
CLEAR with IS pin LOW. With all IS column words 
(A3—A0) programmed to the same pattern, the IS func- 
tion will be independent of both row and column ad- 
dressing and may be used as a single pin control. With 
all IS words programmed HIGH, a PRESET function is 
performed. 


Memory Package 


‘ Part Number 


Performance 


CD 3024 
8K 1024x8 24 PD 3024 Sey a — 
(28) PL 028 
CL 024 Standard 63RS881 53RS881 


Publication # Rev. Amendment 


SKINNYDIP® is a registered trademark of Advanced Micro Devices. 
oe 11205 A 10 


PLE™is a trademark-of Advanced Micro Devices. 


Issue Date: October 1988 


BLOCK DIAGRAM 
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PIN CONFIGURATIONS 


1024 x8 
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1 OF 64 64X128 
ROW PROGRAMMABLE 
DECODER ae 
16 PROGRAMMABLE 
S INITIALIZE WORDS 
bibs it ibe ae es 
COLUMN 1:16 
DECODER MULTIPLEXER 
Se Oe ar SS SS Se BS 
8 BIT EDGE-TRIGGERED 
REGISTER 


> LEE 
peel 


QO Qi Q2 Q3 Q4 Q5 QE Q7 


1024 x8 


O O & . ma) mi 


on 


Q2 NC Q4 se i 
Q1 GND Q3 Q5 
Qi GND Q@3 Q5 


Plastic Chip Carrier Leadiess Chip Carrier 
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ABSOLUTE MAXIMUM RATINGS 


Operating Programming 


Supply voltage Vo, ¢ .ssssssesseseses OO VI6 FOV riiiaicies 12V 
Input Voltage ..............cseseeececeees FEW WPM ciseasvethvsosniancs 7V 
HAUL GULTBIN :oiceesiascnecsceeneev —30 mA to +5 mA 

Off-state output voltage........ MBN 10 5.5 V «. acssssascceves 12V 


Storage temperature ......... —65°C to +150°C 


Stresses above those listed under “Absolute Maximum Rat- 
ings” may cause permanent damage to the device. This is a 
stress rating only, and functional operation of the device at 
these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Expo- 
sure to Absolute Maximum Rating conditions for extended 
periods of time may affect relaibility. Absolute Maximum Rat- 
ings are for system design reference; parameters given are 
not tested. 


Operating Conditions 


ae iz 


wih ot dos Ho ow refet fel fel er 
a) aah Pn 


t 


s(A) Setup time from address to clock 


 amatrytt | Commercial 
| SORSSS1A 53RS881 63RS881A | 63RS881 | Unit 
ns 


| See Oe ee TE 
a [emmtven [a tel [ol Ts] [ol Te 


tay Hold time address to clock ns 
|Home Peete : 
Ye 45 | 55 | 45| ss | 475| 525) 475/525) v 

oo Pee 


* This is defined as the instant-on case temperature.* 


t Vina at 5.0 VV, and 25°C T,. 


tt Military burn-in is in accordance with the current revision of MIL-STD- ee, Test Method 1015, Conditions A through E. 


Test conditions are selected at AMD's option. 
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Electrical Characteristics Over Operating Conditions. For APL Products, Group A, Subgroups 1, 2, 3 are 
tested unless otherwise noted. 


V 
Mine High-level input - High-level input voltage”* 
V 


<__| Input clamp volage | =—18 mA emt [rar [toa 
i High-level input current Veg = MAX VI = V., MAX gee pA 


Fe Low-level output voltage Voc = MIN Ib, = 16 mA cede Ob V 


lon= 73-2 MA 
Von High-level output voltage 2.4 V 


Off-state output current a ae 2 a yA 
2 ene lee 
fies Supply current = MAX. All inputs TTL. All outputs open. || 430 | 180. | ma 


* Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 


** V,, and V,,, are input conditions of output tests and are not themselves directly tested. V,, and V,,, are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 


t Typicals at 5.0 VV, and 25°C T,. 


Switching Characteristics Over Operating Conditions and using Standard Test Load. For APL Products, 
Group A, subgroups 9, 10, 11 are tested unless otherwise noted.tt 


Parameter Typt " ssRsesi 
Min | Max | Min | Max | Min | Max | Min | Max 


come fel [el [wl ee 
[cence | «| |»| [»| [a] [= 
caancwnunoevenees | | [~| [=| [=| [a 
emicvoneancmee |» | l»| [=| [=| [= 
caaiwsipaneine | wv | |) (%| [a] i 


tt Subgroups 7 and 8 apply to Functional tests. 


5-204 53/63RS881/A 


S; 
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OUTPUT 
CL Ro 
| 600 2 
1316 05 be 
Figure 1. Switching Test Load 
WAVEFORM INPUTS OUTPUTS 
DON'T CARE: CHANGING: 
CHANGE PERMITTED STATE UNKNOWN 
NOT CENTER LINE IS 
APPLICABLE HIGH IMPEDANCE STATE 
MUST BE STEADY WILL BE STEADY 
1316 06 
Figure 2. Definition of Timing Diagrams 
I ty, (A) te (Abo th, (A 
A | | 
és 
E 
t 
ie Ss 
CLK 
Q 
NOTES: 1. INPUT PULSE AMPLITUDE 0 V TO3.0 V. 
2. INPUT RISE AND FALL TIMES 2-5 ns FROM 0.8 V TO 2.0 V. 
3. INPUT ACCESS MEASURED AT THE 1.5 V LEVEL. 
4 tay IS TESTED WITH SWITCH S,; CLOSED, C , = 30 pF AND MEASURED AT 1.5 V OUTPUT LEVEL. 
5. tea ANDtes, ARE MEASURED AT THE 1.5 V OUTPUT LEVEL WITH C, =30pF. S; ISOPEN FOR HIGH IMPEDANCE TO “1" TEST, 
AND CLOSED FOR HIGH IMPEDANCE TO “0” TEST. 
ten AND tesa ARE TESTED WITH C, =5pF. S; ISOPEN FOR “1” TO HIGH IMPEDANCE TEST, MEASURED AT Voy, - 0.5 V OUTPUT LEVEL; 
1316 07 SiS CLOSED FOR “0” TO HIGH IMPEDANCE TEST, MEASURED AT Vo, + 0.5 V OUTPUT LEVEL. 


Figure 3. Defintion of Waveforms 
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53/63RS1681/A 


2048x8 High Performance 


Registered PROM with Synchronous Enable 
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Advanced 
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Devices 


FEATURES/BENEFITS 
« Synchronous output enable 
« Edge-triggered “D” registers 


- Versatile 1:16 user programmable initialization 
words 


- 8-bit-wide in 24-pin SKINNYDIP® for high board 
density 


- Simplifies system timing 
- Faster cycle times 
- 16mA1,, output drive capability 


- Reliable titanium-tungsten fuses (TIW), with 
programming yields typically greater than 98% 


APPLICATIONS 

« Microprogram control store 
* State sequencers 

- Next address generation 

* Mapping PROM 


¢« Programmable Logic Element (PLE™) 11 inputs, 
8 Registered Outputs, 2048 product terms 


GENERAL DESCRIPTION 


The 53/63RS1681 and 53/63RS1681A are 2Kx8 
PROMS with on-chip “D” type registers, versatile output 
enable control through synchronous enable inputs and 
flexible start up sequencing through programmable ini- 
tialization words. 


Data is transferred into the output registers on the rising 
edge of the clock. Provided that the synchronous (ES) 
enable is low, the data will appear at the outputs. Prior 
to the positive clock edge, register data are not affected 
by changes in addressing or synchronous enable 


inputs. 


Memory expansion and data control is made flexible 
with synchronous enable inputs. Outputs may be set to 
the high impedance state by setting ES HIGH before the 
rising clock edge occurs. When V,,. power is first 


SELECTION GUIDE 


Memory Package 


applied the synchronous enable flip-flop will be in the 
set condition causing the outputs to be in the high 
impedance state. 


The flexible initialization feature allows start up and time 
out sequencing with 1:16 programmable words to be 
loaded into the output registers. With the synchronous 
INITIALIZE (IS) pin LOW, one of the 16 column words 
(A3—A0) will be set in the output registers independent 
of the row addresses (A10—A4). With all IS column 
words (A3—A0) programmed to the same pattern, the IS 
function will be independent of both row and column ad- 
dressing and may be used as a single pin control. With 
all IS words programmed HIGH a PRESET function is 
performed. The unprogrammed state of IS words are 
LOW, presenting a CLEAR with IS pin LOW. 


Part Number 


Performance 


16K 2048x8 24 PD 3024 Enhanced 63RS1681A 53RS1681A 
(28) PL 028 
CFM 024 


Publication # Rev. Amendment 
11204 A /0 
Issue Date: October 1988 


SKINNYDIP™ js a trademark of Advanced Micro Devices 
PLE™ js a trademark of Advanced Micro Devices 
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BLOCK DIAGRAM 
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A7 ROW PROGRAMMABLE 
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: UEUSUSUSUSUTIZS 
A2 ea 1:16 
At Seiten MULTIPLEXER 
rpv¥yyeyey 4 
8 BIT EDGE TRIGGERED 


CLK oe REGISTER 
= 22S eee 
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PIN CONFIGURATIONS 


A5 A7 VCC AQ 
A6 NC AB 


Agee 


A4 25] A10 
A3 iS 

A2 23] ES 
A1 || CLK 
Ao | 9) 21] NC 
NC 20] Q7 
Qo 19] Q6 

\A 


Q2 NC Q4 


Plastic Chip Carrier Leadiess Chip Carrier 


1317 01 1317 03 1317 02 


53/63RS1681/A 5-207 


ABSOLUTE MAXIMUM RATINGS Stresses above those listed under “Absolute Maximum Rat- 


ings” may cause permanent damage to the device. This is a 
Operating Programing stress rating only, and functional operation of this device at 


Supply Voltage Vo ceeseesceseeeseees ee de a Se 12V these or any other conditions above those indicated in the 
HI WONG oxen dstduyennssrssbepentert ei 8D oe 7V operational sections of this specification is not implied. Expo- 
POSE CUNT ink os evccav cs sonseves -30 mA to +5 mA sure to Absolute Maximum Rating conditions for extended 
Off-state output voltage ......... 20:5: ¥-10'5.5 V>., ccccrivtscs. 12V periods of time may affect reliability. Absolute Maximum 
Storage temperature........... —65°C to +150°C Ratings are for system design reference; parameters given 


are not tested. 


Operating Conditions 


Military t Commercial 


Symbol Parameter Typt | 53RS1681A;} 53RS1681 |63RS1681A | 63RS1681 | Unit 


aes 
a | Sawtmionsena = |»| =| [a 
to | retimeniiownsex |= fe] fel fe 
0 

8 cl CC 
| soyuoe =| + os | [ os [os [ar a aes 
i. | oreatrawneoene | = [sf mls] o | | 


This is defined as the instant-on case temperature 


wo > : 
me 
” 


mi 
oa) 
° 
oO 


t Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. 
Test conditions are selected at AMD’s option. 
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Electrical Characteristics Over Operating Conditions. For APL Products, Group A, Subgroups 1, 2, 3 are 
tested unless otherwise noted. 


Symbol, __— Parameter. == |_—=TestConditions | Min. | Typt| Max | Unit 
gsr a ee ar me EE 
oe 


ba High level input current Voc = MAX V, = Vo, MAX Epo ane yA 
Wii Low-level output voltage Voc = MIN lo, = 16 mA pap = ase V 
Von 2.4 V 

2 ve 08V sue 
LA 

=r see ey 
; 203 [ae | [om 
en Supply current Voc = MAX. All inputs TTL. All outputs open. | | 140 | 105 | mA 


Switching Characteristics Over Operating Conditions and Using Standard Test Load. For APL Products, 
Group A, Subgroups 9, 10, 11 are tested unless otherwise noted. TT 


Typt | 53RS1681A | 53RS1681 | 63RS1681A |} 63RS1681 


canemiow _[o| [»| [=| [=] |o 
coawomawnerimes |« | [»| [=| [=| |= 
cmawommaecnninees | | [*| f#| [=| [= 


Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 


NO 
ou 


* 


** V,, and V,,, are input conditions of output tests and are not themselves directly tested. V, and V,,,are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 


t Typicals at 5.0 V V,, and 25°C T,. 


tt Subgroups 7 and 8 apply to Functional tests. 
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Figure 1. Switching Test Load 


WAVEFORM 


NOT 
APPLICABLE 


MUST BE STEADY 


INPUTS 


DON'T CARE: 
CHANGE PERMITTED 


OUTPUTS 


CHANGING: 
STATE UNKNOWN 


CENTER LINE IS 
HIGH IMPEDANCE STATE 


WILL BE STEADY 


NOTES: 
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Figure 2. Definition of Timing Diagrams 


it ty, (A) 


tg (A) ty (A) 


m| 


sh 


CLK 


INPUT PULSE AMPLITUDE 0 V TO 3.0 V. 

INPUT RISE AND FALL TIMES 2-5 ns FROM 0.8 V TO 2.0 V. 

INPUT ACCESS MEASURED AT THE 1.5 V LEVEL. 

SWITCH S; CLOSED, C , =30 pF AND MEASURED AT 1.5 V OUTPUT LEVEL FOR ALL TESTS EXCEPT tesa ANDt esp. 

tesa |S MEASURED AT THE 1.5 V OUTPUT LEVEL WITH C; =30pF. S; IS OPEN FOR HIGH IMPEDANCE TO “1” TEST, 

AND CLOSED FOR HIGH IMPEDANCE TO “0” TEST. 

tegpn IS TESTED WITH C, =5pF. S; IS OPEN FOR “1" TO HIGH IMPEDANCE TEST, MEASURED AT Voy, - 0.5 V OUTPUT LEVEL; 
S$; IS CLOSED FOR “0” TO HIGH IMPEDANCE TEST, MEASURED AT Vo, + 0.5 V OUTPUT LEVEL. 
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Figure 3. Definition of Waveforms 
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93/635281/A 


High Performance 256x8 PROM TiW PROM Family 


FEATURES/BENEFITS 
¢ 28-ns maximum access time 


e Reliable titanium-tungsten fuses (TiW) guaran- 
tee greater than 98% programming yields 


e Low-voltage generic programming 
e PNP inputs for low input current 
e Three-state outputs 


GENERAL DESCRIPTION 


The 53/63S281/A are 256x8 bipolar PROMs featuring 
low input current PNP inputs, full Schottky clamping, 
and three-state outputs. The titanium-tungsten fuses 
store a logical low and are programmed to the high 
state. Special on-chip circuitry and extra fuses provide 
preprogramming testing which assures high program- 
ming yields and high reliability. 


PROGRAMMING 


The 53/63S281/A PROMs are programmed with the 
same programming algorithm as all other Advanced 


SELECTION GUIDE 


32K 4096x8 TS 24 
(28) 


PLE™ js a trademark of Advanced Micro Devices. 


Performance 
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Advanced 
Micro 
Devices 


APPLICATIONS 

e Microprogram control store 

e Microprocessor program store 
e Look-up table 

e Character generator 

e Code converter 


e Programmable Logic Element (PLE™) with 8 
Inputs, 8 Outputs, and 256 product terms 


The 63 series is specified for operation over the com- 
mercial temperature and voltage range. The 53 series 
is specified for the military ranges. 


Micro Devices generic TiW PROMs. For details 
contact the factory. 


63$3281 53S$3281 
63S3281A 53S3281A 
Super Speed ae ee 53$3281B 


Publication # Rev. Amendment 
11208 A /0 
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BLOCK DIAGRAM 
DIP Pinout 


1 OF 32 32x64 
ROW PROGRAMMABLE 
DECODER ARRAY 


CES Saree 


1OF8 
MULTIPLEXER 


Q1 Q2 Q3 Q4 O5 QE Q7 Q8 
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PIN CONFIGURATIONS 


Plastic Chip Carrier 
tag 2) 1313 02 


Note: LCC pinout identical to PLCC. 
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ings” may cause permanent damage to the device. This is a 
stress rating only, and functional operation of the device at 


Mpereting --Pragramning these or any other conditions above those indicated in the 


Supply voltage Vag -cssssessesees ete d+ bi de | eee ee 12V operational sections of this specification is not implied. Expo- 
Input voltage cbestVGeh awtbeeemdennn tae ee fe ba’ seer 7V sure to Absolute Maximum Rating conditions for extended 
INDULCUFTONE ......cecsc--200002 -30 mA to +5 mA periods of time may affect reliability. Absolute Maximum Rat- 
Off-state output voltage ......-0.5 Vto 5.5 V 12 V ings are for system design reference; parameters given are 
Storage temperature .......-65°C to +150°C not tested. 


Operating Conditions 


Militaryt Commercial 


* This is defined as the instant-on case temperature. 


t Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. 
Test conditions are selected at AMD’s option. 


DC Electrical Characteristics Over Operating Conditions. For APL Products, Group A, Subgroups 1, 2, 3 
are tested unless otherwise noted. 


Symbol| Parameter |_—=Test Conditions =| Min. | Typ.t | Max [Unit 
ee to ee 
ae | OT 
es ee er 
eee ee a 
aaa Male MR = 


Pa Low-level output voltage 
Vn, High-level output voltage 
loz 

Off-state output current 
loz 
los 


* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 


**V,, and V,,, are input conditions of output tests and are not themselves directly tested. V,, and V,,, are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 
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Switching Characteristics Over Operating Conditions (See standard test load). For APL Products, Group 
A, Subgroups 9, 10, 11 are tested unless otherwise noted.'t 


Device Type 


63S281A 


63S281 
538281 


t Typicals at 5.0 VV. and 25°C T,,. 


t., AND t,, (ns) 
Enable Access Time 
Recovery Time 


Operating 
Conditions 


‘an (NS) 
sane Access Time 


Commercial 


Military 


tt Subgroups 7 and 8 apply to Functional tests. 


OUTPUT 


= — 1313 06 


Figure 3. Switching Test Load 
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WAVEFORM. INPUTS OUTPUTS 


DONT CARE: CHANGING: 
CHANGE PERMITTED STATE UNKNOWN 


NOT CENTER LINE IS 
APPLICABLE HIGH IMPEDANCE STATE 


1313 07 MUST BE STEADY WILL BE STEADY 


Figure 4. Definition of Timing Diagram 


A 
E 
« TAA tER 
VAVAVAVAVAVAVAVAVAVAVAVATAYAY, ; 
o NON ee 


NOTES: 1. INPUT PULSE AMPLITUDE 0 V TO3.0V. 

2. INPUT RISE AND FALL TIMES 2-5 ns FROM 0.8 V TO 2.0 V. 

3. INPUTACCESS MEASURED AT THE 1.5 V LEVEL. 

4. ta,lS TESTED WITH SWITCH S; CLOSED. C, = 30 pF AND MEASURED AT 1.5 V OUTPUT LEVEL. 

5 tea lS MEASURED AT THE 1.5 V OUTPUT LEVEL WITH C, =30pF. S; ISOPEN FOR HIGH IMPEDANCE TO “1" TEST, 
AND CLOSED FOR HIGH IMPEDANCE TO “0" TEST. 
te,iS TESTED WITH C, =5pF. SIS OPEN FOR "1" TO HIGH IMPEDANCE TEST, MEASURED AT Voy, — 0.5 V OUTPUT LEVEL; 
S ; IS CLOSED FOR “0” TO HIGH IMPEDANCE TEST, MEASURED AT Vg; + 0.5 V OUTPUT LEVEL. 


1313 08 
Figure 5. Definition of Waveforms 
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53/63S881/A 


High Performance 1024x8 PROM TiW PROM Family 
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FEATURES/BENEFITS 

e 30-ns maximum access time 

e Reliable titanium-tungsten fuses (TiW) guaran- 
tee greater than 98% programming yields 

e Low voltage generic programming 

e PNP inputs for low input current 

e Three state outputs 

e 24-pin SKINNYDIP® or 600-mil DIP package .- 


GENERAL DESCRIPTION 


The 53/63S881 and 53/63S881A are 1024x8 bipolar 
PROMs featuring low input current PNP inputs, full 
Schottky clamping, and three state outputs. The tita- 
nium-tungsten fuses store a logical low and are pro- 
grammed to the high state. Special on-chip circuitry 
and extra fuses provide preprogramming testing which 
assures high programming yields and high reliability. 


PROGRAMMING 


The 53/63S881 and 53/63S881A PROMs are pro- 
grammed with the same programming algorithm as all 


SELECTION GUIDE 


Memory Package 


8K 1024x8 TS 24 
(28) 


SKINNYDIP® is a registered trademark of Advanced Micro Devices. 
PLE™ is a trademark of Advanced Micro Devices. 
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Performance 
Loi Te 


APPLICATIONS 

e Microprogram control store 

e Microprocessor program store 
e Look-up table 

e Character generator 

e Code converter 


e Programmable Logic Element (PLE™) with 10 
Inputs, 8 Outputs and 1024 product terms 


The 63 series is specified for operation over the com- 
mercial temperature and voltage range. The 53 series 
is specified for the military ranges. 


other Advanced Micro Devices generic TiW PROMs. 
For details contact the factory. 


Part Number 


0°C to +75°C =| -55°C to +125°C 


Standard 63S881 53S881 


Publication # Rev. Amendment 
11207 A /0 
Issue Date: October 1988 


BLOCK DIAGRAM 
DIP Pinout 
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PIN CONFIGURATIONS 


1024x8 
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64x128 
PROGRAMMABLE 


Qi Q2 Q3 Q4 Q5 Q6 Q7 QB 


1314 03 


Q3. NC Q5 
Q2 GND Q4 Q6 


Plastic Chip Carrier 


53/63S881/A 
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AS A7 VCC AQ 
A6 NC A8 


1024x8 


5 | 
6 | 
8 | 
E 
10] 
\ 


Q3. NC Q5 
Q2 GND Q4 Q6 


Leadiess Chip Carrier 5 
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ABSOLUTE MAXIMUM RATINGS Stresses above those listed under “Absolute Maximum Rat- 


Operating Programming ings” may cause permanent damage to the device. This is a 
stress rating only, and functional operation of the device at 


Supply voltage Vi. .sesseeeeee: NUS A-Y a tisvsacenssarveens 12V these or any other conditions above those indicated in the 
Input voltage SpbunVduvetoccsscecnaeavns NA NW jinn 7V operational sections of this specification is not implied. Expo- 
Input CUFreNt ........ sees —30 mA to +5 mA sure to Absolute Maximum Ratings conditions for extended 
Off-state output voltage...... a) 6 10-5 BY oi ctakcocs 12V periods of time may affect reliability. Absolute Maximum 
Storage temperature ....... —65°C to +150°C Ratings are for system design reference; parameters given 


are not tested. 


OPERATING CONDITIONS 


Militaryt Commercial 


* This is defined as the instant-on case temperature. 


t Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. 
Test conditions are selected at AMD’s option. 


DC Electrical Characteristics Over Operating Conditions. For APL Products, Subgroups 1, 2, 3 are tested 
unless otherwise noted. 


i [enmimaener | SS*dYCdTsdd a | 
vn [Witvoavene | SCT i 


Typ.t 
J High-level input current Veg = MAX V, = Vo, MAX oases pA 
[fre 

Vou Low-level output voltage eee V 
ais High-level output voltage 2.4 c V 

= = 
Off-state output current yA 

= ee 
ls /-20 | | -20 | m 
= Supply current Veco = MAX. All inputs grounded. All outputs open. wee 160 mA 


* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 


**V,, and V,,, are input conditions of output tests and are not themselves directly tested. V,, and V,,, are absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 
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Switching Characteristics Over Operating Conditions (See standard test load). For APL Products, Group A, 
Subgroups 9, 10, 11 are tested unless otherwise noted.*t 


t., and t., (ns) 
aa (NS) Enable Access Time 
Device Type sucoaeees Time Recovery Time 


PSEA A 
ee oes 
a 
aoe ae 


t Typical at5.0 VV, and 25°C T,. 
tt Subgroups 7 and 8 apply to functional tests. 


Operating 
Conditions 


Commercial 


Military 


OUTPUT 


Cc, 


ac 600 Q 


Figure 1 Switching Test Load 
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WAVEFORM INPUTS. OUTPUTS. 


DON'T CARE: CHANGING: 
CHANGE PERMITTED STATE UNKNOWN 
NOT CENTER LINE IS 
APPLICABLE HIGH IMPEDANCE STATE 
MUST BE STEADY WILL BE STEADY 
1314 08 
Figure 2 Definition of Timing Diagram 
A 
E 
Q VEXXXYXXKKY YAKS 
NAAAVVVVVVVVVV' 
NOTES: 1. INPUT PULSE AMPLITUDE 0 V TO3.0 V. 
2. INPUT RISE AND FALL TIMES 2-5 ns FROM 0.8 V TO 2,0 V. 
3. INPUT ACCESS MEASURED AT THE 1.5 V LEVEL. 
4. taalS TESTED WITH SWITCH S, CLOSED, C; = 30 pF AND MEASURED AT 1.5 V OUTPUT LEVEL. 
5 tea IS MEASURED AT THE 1.5 V OUTPUT LEVEL WITH C, = 30 pF. S; ISOPEN FOR HIGH IMPEDANCE TO “1” TEST, 
AND CLOSED FOR HIGH IMPEDANCE TO “0" TEST. 
tep IS TESTED WITH C; =5 pF. S; IS OPEN FOR “1" TO HIGH IMPEDANCE TEST, MEASURED AT Vo}, — 0.5 V OUTPUT LEVEL; 
SIS CLOSED FOR “0" TO HIGH IMPEDANCE TEST, MEASURED ATV + 0.5 V OUTPUT LEVEL. 
1314 09 


Figure 3 Definition of Waveforms 
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93/63S3281/A 5353281B 


High Performance 4096 x 8 PROM TiW PROM Family 


- FEATURES/BENEFITS 
e 35-ns maximum access time 
e 32768-bit memory 


e Reliable titanium-tungsten fuses (TiW) with 
programming yields typically greater than 98% 


e PNP inputs for low input current 


GENERAL DESCRIPTION 


The 53/63S3281 is a high-speed 4Kx8 PROM which 
uses industry standard package and pin out. 


The family features low-input current PNP inputs, full 
Schottky clamping, and three-state outputs. The Tita- 
nium-Tungsten fuses store a logical low and are pro- 
grammed to the high state. Special on-chip circuitry 


PROGRAMMING 
The 53/63S3281 PROM is programmed with the same 
programming algorithm as all other Advanced Micro 


SELECTION GUIDE 


Memory Package 


ct 
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APPLICATIONS 

e Microprogram control store 

e Microprocessor program store 
e Look-up table 

e Character generator 

e Code converter 


e Programmable Logic Element (PLE™) with 12 
Inputs, 8 Outputs and 4096 product terms 


and extra fuses provide preprogramming tests which 
assure high programming yields and high reliability. 


The 63 series is specified for operation over the com- 
mercial temperature and voltage range. The 53 series 
is specified for the military ranges. 


Devices generic TiW PROMs. For details contact the 
factory. 


a. ae See 


= 


PLE™ is a trademark of Advanced Micro Devices. 


Enhanced 63S281A = oe A 


Standard 638281 538281 


Publication # Rev. 
10510 is} /0 
Issue Date: October 1988 
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Amendment 


BLOCK DIAGRAM 


Dip Pinout 
1 OF 128 128X256 
ROW PROGRAMMABLE 
DECODER ARRAY 
re CUUUToEY 
AS Ors 2 OF 32 
| COLUMN 
iy DECODER MULTIPLEXER 
ry vy vy vy oY ve oy 45 
3) 1OF2 
AO Z Z MULTIPLEXER 
DECODER 
Ei 20. camels 
E28 ee F 
410 |11 [13 |14 |15 |16] 17 
+e 0 HRSA oe Fine te 
PIN CONFIGURATIONS 


A5  A7 VCC AQ 


AG 
a sien AS AT VCC AQ 
: NC AS 
a4 s A10 4 \4|3| 211 |28l27/261\ 
= A415 A10 
a3 C6 E1 a 
a2 C17 Att A3 | 6 24] 1 
A2 Ait 
Ai L118 F2 
Ai | 8) 22] E2 
AO LJ 9 NC 
Ao | 9! 21] NC 
Nc [[] 10 aa 
ai [11 ie NC |10) 20] a8 
Qt {11 Q7 
\ 
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1312 02 Plastic Chip Carrier Leadiess Chip Carrier 
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ABSOLUTE MAXIMUM RATINGS Stresses above those listed under “Absolute Maximum Rat- 


ings” may cause permanent damage to the device. This is a 
Operating Programming stress rating only, and functional operation of the device at 
these or any other conditions above those indicated in the 


— ly — Vog sgsaee ae : “ae : me ace Se operational sections of this specification is not implied. Expo- 
NPut VONAGE ......... ce seeeseseeeees SHAE MRED Vcc csgcacedacecenssses 7V sure to Absolute Maximum Rating conditions for extended 
INPUt CUFTeNt .........ereeneee -30 mA to +5 mA periods of time may affect reliability. Absolute Maximum 
Off-state output voltage ......-0.5 V to 5.5 V wee 12V Ratings are for system design reference; parameters given 
Storage temperature .......-65°C to+150°C are not tested. 


OPERATING CONDITIONS 


Militaryt Commercial 


* This is defined as the instant-on case temperature. * 


t Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. 
Test conditions are selected at AMD’s option. 


Electrical Characteristics Over Operating Conditions. For APL products, Group A, Subgroups 1, 2, 3 are 
tested unless otherwise noted. 


Symbol | Parameter ae Condition poe genio ae Typt | Max Unit 


gee a 
ee 
ve Ta 
8 Ce 


ho High-level input current V, = Vo. MAX Bes. pA 
Cee eee 
Ms Low-level output voltage Voc = MIN lop = 16 mA os Se ee 


Von | High-level output voltage Veg = MIN 2.4 V 


1 [semana ey [vee 
iA Supply current = MAX. All inputs grounded. All outputs open. | | 180+] 190. | mA 


* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 


**V, and V,,, are input conditions of output tests and are not themselves directly tested. V,, and V,,, are absolute voltages with 
respect to ‘device ground and include all overshoots due to system and/or tester noise. "Do not ‘attempt to test these values 


without suitable equipment. 


53/63S3281/A  53S3281B 5-223 


Switching Characteristics Over Operating Conditions (See standard test load). For APL products, Group A, 
Subgroups 9, 10, 11 are tested unless otherwise noted.*t 


t., and t.,, (ns) 
Enable Access time 
Recovery time 


Operating 
Conditions 


t,, (ns) 
Address Access Time 


Device Type 


63S3281A 


ae ek 


f Typicals at 5.0 VV, and 25°C T,. 


Commercial 


ns 


Military 


ttSubgroups 7 and 8 apply to functional tests. 


OUTPUT 


CL 


| 600 Q 
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Figure 1. Switching Test Load 
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NOTES: 


mi 


WAVEFORM INPUTS OUTPUTS 


DON'T CARE: CHANGING: 

CHANGE PERMITTED STATE UNKNOWN 

NOT CENTER LINE IS 
APPLICABLE HIGH IMPEDANCE STATE 
MUST BE STEADY WILL BE STEADY 
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Figure 2. Definition of Timing Diagram 


-—§ tan 
WWW i | 


A XAXXAXAAXAAY Vo. FO5V 


‘ \ 
INPUT PULSE AMPLITUDE 0 V TO3.0 V. 
INPUT RISE AND FALL TIMES 2-5 ns FROM 0.8 V TO 2.0 V. 
INPUT ACCESS MEASURED AT THE 1.5 V LEVEL. 
taa!S TESTED WITH SWITCH S, CLOSED. C, =30 pF AND MEASURED AT 1.5 V OUTPUT LEVEL. 
tea IS MEASURED AT THE 1.5 V OUTPUT LEVEL WITH C; =30 pF. S; IS OPEN FOR HIGH IMPEDANCE TO “1” TEST, 
AND CLOSED FOR HIGH IMPEDANCE “0” TEST. , 
teRIS TESTED WITH C; =5pF. SIS OPEN FOR “1” TO HIGH IMPEDANCE TEST, MEASURED AT Voy - 0.5 V OUTPUT LEVEL; 
S , IS CLOSED FOR “0” TO HIGH IMPEDANCE TEST, MEASURED AT Voy + 0.5 V OUTPUT LEVEL. 
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Figure 3. Definition of Waveforms 
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Testing High-Performance 
Bipolar Memory 


INTRODUCTION 


During the last several years, the state-of-the art of TTL 
compatible bipolar memory integrated circuits has advanced 
very rapidly. Device complexity has increased dramatically not 
only in terms of the memory storage capacity but also by the 
addition of new on-chip functions such as the inclusion of 
output data registers. Simultaneously, advances in bipolar LSI 
design and manufacturing technology have generated signifi- 
cant improvements in the performance levels of bipolar 
memory. Similarly, the complexity and performance levels of 
systems which employ these devices have grown: The con- 
comitant growth of system complexity has placed additional 
demands on both the device manufacturer and the user's 
incoming inspection area to assure the performance capabili- 
ties of each component before it is assembled into the system. 


Several test equipment manufacturers now supply sophisticat- 
ed, computer controlled testers for these inspection tasks. 
Most of this equipment is inherently capable of the millivoit 
and nanosecond accuracies which are required; most memory 
testers can generate the complex waveforms and test pat- 
terns needed. However, the details of applying this equipment 
to a specific test problem, including the problem of interfacing 
the tester to the device-under-test, are usually left to the user. 
The purpose of this application note is to discuss several 
problems which are frequently encountered when testing high 
performance bipolar memory devices, and to acquaint the 
user with how such problems may be identified, measured and 
corrected. 


WHAT MAKES A MEMORY GOOD? 


Before discussing the specifics of bipolar memory testing 
problems, it is important to understand the basic characteris- 
tics which these devices should exhibit. Clearly each device 
must meet all product specification parameters but, first and 
foremost, a bipolar memory should be fast! Address access 
time (delay from address input to data output), enable access 
time and enable recovery time should be as small as possible. 
High performance is often the primary reason for using bipolar 
memory. Similarly, the performance of the ideal bipolar memo- 
ry should remain relatively constant with changes in supply 
voltage, ambient temperature and output load capacitance. 
Fast devices, offering stable performance over a broad range 
of conditions, permit the user to qualify a smaller number of 
part types; one fast device can accommodate many standard 
as well as high performance applications. Such devices 
provide added safety margin for the system design, permit 
simplification of system test and debug and assure trouble- 
free system performance in the field. Hence the ''best"’ 
memory is a fast, stable device which not only meets a given 
user specification, but also offers the extra performance 
needed for a broad range of applications. 


Advanced Micro Devices offers a family of bipolar Random 
Access Memories (RAMs) and Programmable Read Only 
Memories (PROMs) which are designed to meet this idealized 
definition as closely as possible. First, each AMD device is 
designed to meet a ''military design goal.'' This means AMD 
bipolar memories are designed to provide the extra margins 
and higher output drive capabilities needed to assure proper 
performance over the extended miliary supply voltage and 


operating temperature ranges. This often necessitates the use 
of more advanced design techniques such as on-chip regula- 
tors, temperature and voltages compensation networks and 
feedback circuits. Second, AMD has conceived and devel- 
oped an advanced, oxide separated, ion implanted manufac- 
turing process called IMOX™. Developed specifically for the 
production of high density bipolar memories, this technology 
provides both high density and excellent performance in a truly 
reliable and manufacturable process. This combination of 
advanced design and fabrication technologies assures the 
military user of receiving components which are intended for 
his application while providing the commercial user with the 
extra margins, performance advantages and procurement 
benefits mentioned above. 


THE SYSTEM ENVIRONMENT 


To understand the problems of high-performance memory 
testing, it is helpful to understand the electrical environment in 
which the memory devices will actually operate, i.e., the typical 
system environment. The system designer must address and 
resolve several critically important questions if the system is to 
consistently perform to its design specifications. These ques- 
tions include: 


1. What noise voltages can the system's logic and mem- 
ory devices tolerate? 

2. What are the sources of system noise? 

3. What can be done to control and minimize this: noise? 


The first question is answered relatively easily. The magnitude 
of noise which can be tolerated relates directly to the worst 
case noise immunity specified for the logic family. Noise 
immunity is simply the difference between the worst case 
output levels (VoH and Vo,) of the driving circuit and the worst 
case input voltage requirements (Vip and Vj;_, respectively) of 
the receiving circuit. For TTL devices the worst case noise 
immunity is typically 400mV for both the high and low logic 
levels. 


If ‘system noise" is defined as the sum of things which 
subtract from this noise immunity, several sources can be 
identified. A few of the most important sources found in a 
digital, TTL system are listed below: 


@Cross-Talk: The desire to pack system components as 
tightly as possible inevitably causes signal wires or PC board 
traces to be placed in close proximity. The lead-to-lead 
capacitance and mutual inductance thus created (see Fig- 
ure 1) causes ''noise’’ voltages to appear when adjacent 
signal paths switch. 


@ Transmission Line Reflections: Like it or not, every signal 
path in the system has transmission line characteristics. TTL 
signal paths are usually not designed as transmission lines, 
with predictable and uniform characteristic impedances. This 
is partly because of the higher costs implied for multilayer 
PC boards with internal ground planes, termination resistors, 
etc. It is also the result of TTL logic's limited ability to drive 
the low impedance lines provided by current PC board 
technologies. Hence, TTL signal paths do exhibit the ringing 
and reflection problems associated with improperly terminat- 
ed transmission lines. These reflections subtract from the 
available noise immunity as shown in Figure 2. 
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As V; switches, |; flows to charge the input capacitance Cj. lo 
flows as a result of mutual inductance. The V; voltage change 
is also coupled directly to V2 through the parasitic line-to-line 


Figure 1. An Example of Cross-Talk 


The unit length capacitance and inductance (Cy and Ly) give 
each system connection transmission line characteristics. 
Without a matched termination, switching at V; causes 
reflection voltages to appear at Vo, reducing noise immunity. 


Vn 


Ve 
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Figure 2. Line Reflections 


(a- 1)icg 


Vi = Vo-(n-lcc) RGnp 
a) DC Ground "'Noise"' 


DG000030 


When Vj; goes HIGH, Vo goes LOW discharging C,. The 
discharge current |g flows through the ground inductance Lgnp, 
creating a transient voltage V;. The input voltage seen by gate B 
is actually Vj — V+. 


b) Transient Ground Noise 


Figure 3. 


@ Ground Network Noise: Most high-performance systems 
employ large numbers of high-performance ICs. These 
devices typically draw large Icc currents from the power 
supply. Cumulatively, these currents can reach several 
amperes per board. Such currents, flowing in the ground 
network, cause non-negligible DC voltage drops to occur; 
not all device ground pins are at zero volts. Since the output 
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levels and the input thresholds of each TTL device reference 
the local ground (Figure 3a), these drops also subtract from 
the available noise immunity. Additional noise margin losses 
occur each time the device outputs switch. This occurs 
because large currents must flow to rapidly charge and 
discharge the interconnect and input capacitances which 
load each output. These charging currents flow in a loop 


(Figure 3b) through the ground network which is normally a 
simple interconnection of wires, each with some value of 
resistance and inductance per unit length. Some additional 
resistive drops occur. But, the rapid changes in these 
currents (large di/dt), occurring as charging starts and stops, 
mean a transient ground noise voltage is also generated. 
This voltage obeys the law of v = L(di/dt) where L is the 
ground circuit inductance and di/dt is the rate of change of 
the charging currents. Notice that adding local bypass 
capacitors can only reduce this voltage by paralleling the 
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ground inductance with the Vcc network inductance. By- 
passing cannot eliminate this problem because these capac- 
itors shunt the devices and not the ground and Voc network 
inductances where the noise is generated. 


Controlling and minimizing noise in a digital system becomes 
more challenging as the system performance requirements 
increase. These requirements demand devices capable of 
short propagation delays, @.g., ultra-fast memories with excel- 
lent drive characteristics to minimize fully loaded access 
times. 


DG000040 


Note: Transient ground current flow in four directions from each device ground: right and left on the ground bus; up and down the 
Voc bus after passing through the local bypass capacitor, C. Equivalent ground inductance is very low. 


Figure 4. Example of an AC Ground Mesh 


Since noise margin violations result in system malfunctions, 
the system designer must define a set of rules governing the 
physical construction techniques to be used within the system. 
These rules address a host of considerations including power 
distribution, AC grounding, lead placement, line termination 
requirements, logic loading (fan in and fan out) and intercon- 
nect delays. Specifying these rules is a complex process of 
making appropriate cost-performance tradeoffs. 


For a medium to high performance system, these rules might 
specify arranging devices in an array with Vcc power traces 
running vertically up the columns while ground metal running 
horizontally between the rows. Inserting bypass capacitors at 
each grid intersection forms an AC ground mesh (Figure 4), 
limiting the amount of ground inductance at each array site. If 
limits are also placed on the total capacitance each device 
may drive (cumulative interconnect and input capacitance on 
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all outputs), the total charging currents may be controlled thus 
limiting the noise immunity eroded by ground circuit noise. 
Similarly, the distance between adjacent traces and the 
maximum length of unterminated lines may be specified to 
control noise immunity losses caused by cross-talk and 
termination mismatches. Ultra-high performance systems may 
require additional measures; e.g., multilayer boards with true 


THE MEMORY TEST ENVIRONMENT 


Ideally the test system hardware and fixtures would be 
designed to even more stringent rules than those used for the 
system. This is reasonable as the tester is the standard 
employed for accepting or rejecting components used in the 
system. Because a collection of additional objectives con- 
strain the test environment, designing test hardware to equally 
or more stringent rules is usually impractical. 


Memory testers must test many types of components under a 
variety of conditions. Tests performed include DC parametric 
tests, functional and AC tests with complex test patterns and 
margin tests to assure device operation at the extremes of 
applied conditions and supply voltage. To accomplish this, 
connections to sets of programmable input drivers and output 
receivers (comparators), multiple device bias and power 
supplies, relays to permit connection of the DC parametric test 
unit, and special load circuits must all converge at the test site. 


To provide flexibility and facilitate repair, test hardware must 
be modular. This requirement dictates placing the hardware 
(drivers, receivers, etc.) on many small PC boards which then 
must talk to the DUT (device under test) through additional 
wiring and connectors. 


Frequently the quantity of parts tested necessitates mating an 
automatic device handler to the tester. Handlers also provide 
capabilities for testing at temperature extremes when needed. 
The DUT must be tested inside this equipment, requiring still 
more wiring between the test head and the actual test site. 


ground planes or increased usage of line drivers and receiv- 
ers. Though the preceding descriptions have been simplified, it 
should be clear that distances between driving and receiving 
devices, the quantity and distribution of load capacitance, as 
well as the AC ground network integrity are all essential 
elements of the system design. 


Ideally, all test hardware would be located immediately adja- 
cent to the test site to minimize cross-talk, reflections and 
ground noise. However, this objective must be compromised 
to address the other objectives and constraints outlined 
above. Techniques commonly employed in making this com- 
promise are illustrated in Figure 5. Notice that DUT drivers are 
remote from the test site, driving signal to the DUT through 
"series terminated" transmission lines. Similarly the receivers 
are some distance from the test site, receiving signals from 
the DUT through a series of connectors and wires which can 
degrade the signal. Most annoying of all, the test site ground 
connection has been compromised. This signal path must 
carry heavy transient and DC currents during test and should 
provide a very solid, low impedance reference against which 
all AC and DC tests are made. Accumulating resistance and 
inductance in this path jeopardizes the integrity of all test 
results. 


Hence, the electrical environment provided at the test site is 
generally inferior to the actual system environment where the 
memory component will be used. 


TEST RELATED PROBLEMS AND SOLUTIONS 


Accurately measuring or verifying memory performance in the 
test system environment requires a recognition of its inherent 
limitations. Outlined below are five problem areas commonly 
encountered when testing high-performance bipolar memo- 
ries. Methods of identifying and alleviating these problems are 
indicated. 
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Figure 5. The Test System Environment 


®@ Contending with Ground Noise: Ground noise is one of the 
most common and troublesome test problems. As defined 
above, ground noise is caused by switching currents flowing 
through the ground network impedance. Whereas the sys- 
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tem environment (Figure 4) may provide multiple low induc- 
tance ground paths into a ground mesh or plane, the tester 
provides one long, higher inductance path back to the test 
system ground (Figure 5). This path includes handler con- 


tacts, connectors and the DUT load board, all of which 
increase ground inductance and resistance. Transient cur- 
rents which result when the DUT switches can be enormous. 
Consider the case of a byte wide (8 output) memory 
functional test. At some point in the test sequence, ail 
memory outputs will switch from high to low (VoH to Vo;) at 
the same instant, discharging all eight load capacitances 
simultaneously. If the input capacitance of the receiver is 
40pF and the interconnect capacitance of the test fixture is 
10pF, the total load capacitance driven by all device outputs 
would be 400pF. A fast memory device could discharge this 
load at a 1V/ns rate. The relationship i = C(dv/dt) implies 
peak charging currents of 400mA must flow through ground. 
As Figure 6 illustrates, this charging current does not build to 
its full value instantaneously. For a fast device the time 
required to go from zero to full charging current would 
approximate 2ns. A resultant ground current di/dt of 
200mA/ns is implied. If the ground inductance is 1 nanohen- 
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ry (approximate inductance of 1 inch of straight, small gauge 
wire), then v = L(di/dt) predicts AC ground noise of 200mV. 
As you have probably guessed, the typical test site ground 
inductance exceeds inh. The path is longer and it is usually 
not a straight line connection. Actual tester ground noise of 
up to 800mV is common when testing high-performance 
byte wide memories. This noise can be measured easily with 
a high bandwidth oscilloscope by attaching the scope 
ground to the actual test system ground and monitoring the 
DUT ground pin with one channel. 


Excessive ground noise creates several problems: First, this 
noise is capacitively coupled to the input drive signals through 
the DUT input capacitances; if large enough, DC coupling 
through the DUT input clamp diodes can occur (Figure 7). The 
DUT output levels are, of course, referenced to the DUT 
ground potential whereas the receiver board is referenced to 
test system ground, introducing inaccuracy in access time 
measurements, etc. 


Figure 6. Byte Wide Memory Ground Transients 


For small magnitudes of noise, Vt, noise is AC coupled to the 
inputs through the input capacitance, Cj. If Vj is low, large 


‘s a | 
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positive values of V; may momentarily forward bias the input 
clamp diode, creating a DC coupling. 


Figure 7. Ground Noise Coupling to the Inputs 
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Worst of all, severe ground noise can make functional testing — If the system uses a Kelvin (force - sense) ground system, 
at or near the guaranteed input levels (Vj and Vj_) impossi- terminate the system by shorting force to sense on the 
ble. To demonstrate, assume the device ground noise reaches DUT load board. Kelvin systems provide DC accuracy, but 
a positive 0.8V with respect to test system ground during their response times are much too slow to aid in the 
output switching. Assume the input driver high level is pro- suppression of ground noise at the test site. Terminating 
grammed to 2.0V, minimum Vi} for most TTL devices. The Kelvin early sacrifices a little DC accuracy, but the ability to 
actual voltage between a ''high'' DUT input and its ground is use the previous sense line as second, low impedance 
only 1.2V. The typical room temperature threshold voltage of a ground path usually improves the overall test accuracy. 
TTL device is 1.5V, and the device interprets 1.2V as a logic 

low." This causes the memory to access a new memory -Provide multiple high frequency bypass capacitors as 
location momentarily. The resultant momentary change in close as possible to the DUT, and again on the DUT load 
output data interferes with access time measurements. In board. This allows the Vcc wiring to serve as an extra AC 
severe cases, this momentary switching of output data creates ground path for high frequency ground noise. 
additional ground noise which also feeds back to the inputs 

resulting in sustained oscillations. This noise interaction can ~ Reduce the DUT load capacitance (receiver and intercon- 
also be viewed with a dual trace oscilloscope as shown in nect capacitance) as much as possible; avoid using low 
Figure 8. Channel A of the scope is connected to the address values of load resistors. Both techniques reduce the 
input while channel B monitors the DUT ground pin. The input transient currents, thus improving test accuracy. When 
voltage, as seen by the DUT, can be viewed directly by putting necessary, DUT output drive capability can usually be 
the scope in ''A-B,"' algebraic subtract mode. Note the verified with DC tests. 


scope ground is connected to test system ground as before. 
Attaching scope ground to the DUT pin ground should be 
avoided as this creates a ‘'ground loop." If connected this 
way, large noise currents flow in the alternate ground path 
provided by the scope back to earth ground; this interferes 
with the scope's ability to measure high-speed events and 
modifies the condition which is to be observed. 


- If Vi_ and Vip tests are necessary, measure the maximum 
amount of ground noise that the specific device type to be 
tested generates in the actual test site. Set the input drive 
levels no tighter than ''Vjy plus the maximum noise" and 
"Vit minus the maximum noise."' Using tighter limits over 
tests the device! ; 

Several techniques can be employed to reduce ground noise 

problems: - Alternatively, use DC bench tests on a sample basis to 

verify that input margins are acceptable. This is a sound 

practice as the input thresholds of bipolar devices are 
extremely insensitive to fabrication process variations. 


-Keep the ground path as short as possible; use large 
diameter wire and ''straight line'' wiring techniques. 


- Minimize the number of series connections in the DUT Virtually any process variation or defect which would result 
ground path; provide as many parallel ground connections in a threshold failure would also result in the catastrophic 
as possible through each remaining connector. failure of other tests. 
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Figure 8. Monitoring Ground Noise 
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- DC verification of Vj, and Vi can also be performed on 
the test system, but care must be exercised to insure that 
input voltages NEVER cross through the 0.8V to 2.0V 
window; voltages residing in this window can cause the 
DUT to switch, triggering sustained oscillations. 


@The Output ''Tank Circuit’: A second common problem 
encountered is resonance in the circuitry which connects the 
DUT outputs to the output comparators or receivers. This 
resonance occurs because the wire connecting the DUT 
outputs to the receivers is actually an inductor connected in 
series with the comparator input capacitance, forming a 
series resonant tank circuit (Figure 9). This load circuit is 
quite different from the typical loading situation found in a 
system environment. Notice that the capacitance in the 
tester tends to be a single large value of capacitance, 
lumped at the end of the DUT output drive line. The load 
Capacitance in the system is generally smailer and it is 
distributed along the drive line; this configuration looks much 
more like a transmission line, with per unit length values of 
inductance and capacitance, than it does a resonant tank. 
The resonant frequencies found at the test site vary with 
wire length and capacitive load, but tend to be in the 
100 -500MHz range. The input voltage sensed by the 
receiver is actually the voltage at the center connection 
within the tank circuit, which can ring violently when the 
outputs switch; measurement errors of 5ns or more can 
occur. A good evaluation technique for this problem is to 
compare the waveforms observed at the output of the 
device with a ''shmoo plot" of the output. Assuming a simple 
pattern is used, differences in these results may indicate a 
resonance problem. 


Corrective action for this problem includes: 


-Use short, low inductance connections from the DUT 
output to the receiver; minimize comparator and intercon- 
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nect capacitance. Both techniques raise the resonant 
frequency of the tank circuit which limits the time measure- 
ment error and reduces the DUT's ability to stimulate 
ringing in the tank. 


- Use twisted pair wiring techniques to connect DUT outputs 
to the receivers. Though this raises the capacitance 
slightly, it reduces the purely inductive character of the 
interconnect, usually tending to reduce ringing. 


® Minimizing Cross-Talk: Cross-talk between the input and 
output lines of the DUT is also a common problem. 
Obviously, the greater the number of paths which must be 
packed into a given area, the greater the problem. The 
signal coupling that occurs adds noise to both the input 
lines, making Vijy and Vj, testing difficult, and output lines, 
reducing the accuracy of timing measurements. Techniques 
which tend to reduce cross-talk include the following: 


— Keep wires as short as possible and avoid laying wires on 
top of each other. 


—Reduce output loading to minimize the magnitude of 
current transients which could be coupled into adjacent 
lines. 


— Use twisted pair or coaxial cable wherever possible; take 
care to tie all grounds from these transmission lines 
together at both ends. 


- Use ground plane or ground mesh techniques in the load 
board and the handler interface if possible. A true ground 
plane permits the use ''strip'' transmission lines which not 
only minimize cross-talk, but also reduce ground noise. 


Though expensive, ground plane techniques offer the test 
engineer a consistent reference voltage which can be used to 
identify and segregate the various components and sources of 
noise. 


APPARENT 


—— sa 
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Li, the interconnect inductance and CcOomMPARATOR form a series resonant tank circuit which can cause time 
measurement errors. 


Figure 9. Resonance of the Outputs 


Conclusion 


Advanced Micro Devices has invested significantly in the 
development of advanced, high-performance bipolar memory 
technologies and products. As the preceding discussion 
demonstrates, the memory tester presents a very different 
environment to the memory device than does the system. The 


additional constraints placed on the tester virtually guarantee 
that devices which function in this ''worst case'' environment 
will perform satisfactorily in the system. However, this worst 
case environment may also selectively reject the best per- 
forming devices; i.e., those with the fastest access times and 
best drive characteristics. This occurs because high-perfor- 
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mance devices magnify the problems found in the tester 
environment. The information presented here should aid the 
component engineer in recognizing and resolving these spe- 
cial test environment problems. Attention to these details will 
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reward the bipolar memory user by assuring acceptance of the 
best and broadest range of bipolar memories currently avail- 
able. 
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ADVANCED MICRO DEVICES BIPOLAR PROMS 


This report describes the technology used to manufacture 
AMD's family of Bipolar PROMs. This includes Standard 
PROMs from the 256 bit through the 128K level, Registered 
PROMs, and AMD's newest family — Diagnostic PROMs with 
Serial Shadow Register. Included is a discussion of the wafer 
fabrication in which an advanced, highly reliable platinum 
silicide fuse is utilized. A description of the major circuit 
elements and their testing is discussed as well as reliability 
testing and results. 


AMD's families of Bipolar PROMs are manufactured in two 
highly advanced wafer fabrication areas located in San 
Antonio, Texas. One area manufactures PROMs on 5 inch 
diameter wafers which is very advanced for the industry. The 
other area is the world's first 6 inch bipolar wafer line. These 
two wafer fabrication areas will provide for the growing 
demand for Bipolar PROMs at very competitive costs for many 
years. In fact, AMD's commitment is to continue to be the 
leading supplier of Bipolar PROMs in both technology and 
service. Two distinct wafer fabrication processes are used — 
IMOX II and IMOX Ill. IMOX II is an advanced junction isolated 
process utilizing walled emitter transistors for very high speed 
circuits. Most circuits currently in production use the IMOX II 
process and it provides extremely high performance circuits 
with good yields. The IMOxX III or ''Slot'' process utilizes a very 
narrow and deep silicon etch to create a slot in the silicon to 
isolate active component areas. This is the most advanced 
bipolar process available and will provide density and perfor- 
mance advantages unmatched by any other semiconductor 
technology available today or in the near future. depending on 
density and performance requirements, most new Bipolar 
PROM products will be designed using the IMOX III process. 
The circuit design concepts are similar on each of the PROM 
products with the result that the products can be programmed 
using the same hardware. Only the socket adaptor required for 


the PROM configuration and pin count is different. The same 
programming algorithm is used for all devices. The program- 
ming algorithm is also chosen to minimize programming time. 
The PROMs utilize a platinum Schottky diode structure with 
barrier metal. Dual layer metal is employed to maximize speed 
and minimize chip area. This applies to both the IMOX II and 
IMOX Ill process. All Advanced Micro Devices’ circuits are 
screened to MIL-STD-883, Method 5004 class B or better, 
with burn-in as an option. Nearly all PROM products are on 
AMD's APL (approved product list) which means they meet all 
standard military requirements including package dimensions. 
AMD has also announced a new quality program called 
INTERNATIONAL STANDARD 500. While it is the objective to 
build quality into all PROM products toward an objective of 
zero defects, INT-STD-500 guarantees that lots shipped will 
not exceed a defect level of 500 parts per million. 


The Process Technology 
The IMOX™ II Process 


THE IMOxX II process is the next evolutionary step beyond the 
conventional bipolar Schottky process. This process utilizes 
platinum silicide fuses, ion implanted bases and emitters, 
oxide walled emitter structures, and dual layer metal. Platinum 
silicide continues to be the fuse material for several reasons. 
First, it has been demonstrated to be an extremely reliable 
fuse material. It does not exhibit the growback phenomenon 
common to nichrome technologies; it is not moisture sensitive 
in freeze-out tests; it is less fragile than nichrome and it does 
not have mass transport problems associated with moderate 
current densities. Second, the manufacturing process is easily 
controlled with regard to reliability factors and fusing currents. 
Third, the fuses are quite easy to form during the manufactur- 
ing process without a substantial number of additional pro- 
cessing steps. 
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IMOX-Il TECHNOLOGY 
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Figure 1 is a cross section of an IMOX II transistor. A heavily 
doped buried layer diffusion is first performed to allow for the 
fabrication of NPN transistors with low saturation resistances. 
A thin epitaxial layer is grown. The isolation and base regions 
are effectively self-aligned using a composite masking ap- 
proach. The combined use of localized oxidations and ion 
implanting result in a transistor structure where the vertical 
side of the emitter is walled by oxide and does not come in 
contact with the base. This feature greatly reduces the emitter 
base capacitance and significantly improves the switching 
speed of the transistor. A short series of steps results in the 
definition of polycrystalline silicon in the shape of the fuse. 


Following the formation of the emitter, platinum is sputtered 
over the entire wafer. Since all contacts, Schottkies, and fuses 
are exposed at this point, an alloying operation allows plati- 
num silicide to form. The residual platinum is etched off the 
wafer leaving the silicide contacts, Schottkies, and fuses. After 
this step, the semiconductor elements of the circuit have been 
completely formed, and all that remains is the interconnect 
metalization. To form the interconnects, aluminum is used as 


Bipolar Generic PROM Series 


the primary conducting element. Aluminum has a very strong 
affinity for silicon, including that in platinum silicide. To retain 
the advantages of the very stable platinum silicide Schottky 
devices, it is necessary to sputter an inactive metal — 
tungsten — with a small amount of titanium as a bonding 
agent over the surface of the wafers to serve as a barrier to 
the diffusion or microalloying of the aluminum. Aluminum is 
now evaporated over the surface of the wafers and the 
aluminum interconnections are defined. Figure 3 shows the 
structure of the metal layer. 


To complete the dual layer metalization structure, silicon 
dioxide is deposited on the wafer and etched with interlayer 
metal connect openings (vias). A second layer of aluminum is 
then placed on top of the dielectric. This layer has a thickness 
greater than the first one and is especially suited for power 
busses and output lines. To complete the circuit, a layer of 
nitride is deposited over the top of the wafers and etched at 
the appropriate locations to allow for bonding pads (see figure 
2). 
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2-Layer Metallization Structure 


The IMOX™ Ill (Slot) Process 


Figure 3 shows a cross section of the IMOX Ill process. This 
process will be used on most new and advanced bipolar 
PROM products. It will provide performance and manufactur- 
ing advantages unmatched by any other semiconductor tech- 
nology. The method of isolating active component areas is 
what makes this process different from the IMOX Il process 
previously discussed. A reactive ion etch creates deep vertical 
slots in the silicon surface. These slots extend through the epi 
region into the substrate. A P+ channel stopping implant is 
placed at the bottom of the slot. An oxide is thermally grown 


and the slot is filled with insulating polysilicon. The surface is 
then planerized to provide superior metal step coverage. The 
remaining processing steps are very similar to the IMOX Il 
process. This technique of isolation reduces substantially the 
collector to isolation spacing compared to conventional junc- 
tion isolation techniques. The result is a much smaller chip 
size for a given memory size and greatly improved switching 
speeds. The lateral platinum silicide fuse design is retained 
because of its proven reliability and ease of manufacturing. 
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IMOX™ Ill (SLOT) TECHNOLOGY 
PROGRAMMABLE READ-ONLY MEMORY CIRCUITRY 
Advanced Micro Devices’ bipolar PROM designs have the for that of the Am27S20, the circuit techniques are the same 
_ general configuration shown in Figure 4. Although the figure is for the entire generic family of PROMs. 
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Figure 4. PROM Circultry Block Diagram 
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Input, Memory & Output Circuitry 


Two groups of input buffers and decoders called ''X'' and ''Y"' 
are used to drive word lines and columns respectively. The X- 
decode addresses (A, -A;7) have Schottky clamp diode pro- 
tected, PNP inputs for minimum loading. (Figure 5). The X- 
input buffers (A, -— A,) provide A and A outputs to a Schottky 
decode matrix which selects one of 64 word drivers. The word 
line drivers are very fast high current, high voltage, non- 
saturating buffers providing voltage pull down to the selected 
word line. 


The Y-decode address buffers (A,-A,) are also Schottky 
diode clamped, PNP inputs driving a Schottky diode matrix. 
However, this diode matrix selects one of eight columns on 
each of the four output bits. The selected column line drives 
the sense amplifier input to a high level in the case of a blown 
fuse, or current is shunted through an unblown fuse through 
the selected word driver to ground resulting in a ‘'low'' input to 
the sense amplifier. 
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The sense amplifier is a proprietary fast level shifter-inverter 
with temperature and voltage threshold sensitivities compen- 
sated for the driving circuitry. Each of the four sense amplifiers 
in this circuit provides active drive to an output buffer. 


Each output buffer also contains a disable input, which is 
driven from the chip-enable buffer. The chip-enable buffer 
input is a Schottky diode clamped PNP buffered design with an 
active pull up and pull down to drive the output buffer. 
Additionally, the chip-enable gate contains circuitry to provide 
fuse control as described below. 


Fusing Circuitry 


Platinum silicide fuses as implemented in Advanced Micro 
Devices' PROMs have extremely high fuse current to sense 
current ratios. Sensing normally requires that only a few 
hundred microamps flow through the fuse, whereas absolute 
minimum requirements for opening the fuse are approximately 
100 times that amount. This provides a significant safety 
margin for transient protection and long-term reliability. 
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Figure 5. Input Buffer Schematic 
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High-yield fusing of platinum silicide fuses requires that a 
substantial current be delivered to each fuse. This current is 
sourced from the output terminals through darlingtons which 
can drive the column lines when enabled. These darlingtons 
are driven directly from the output and are selected by the Y- 
decode column select circuitry. Current during fusing flows 
from the output through the darlington directly to the fuse 
through the selected array Schottky and finally through the 
row-driver output transistor to ground. This path is designed 
for a very large fusing current safety margin. 


The control circuitry works as follows: After Voc is applied, the 
appropriate address is selected and the G input is taken to a 
logic high, the programmer applies 20 volts to the bit output to 
be programmed. The application of the 20 volts simultaneous- 
ly deselects the output buffer to prevent destructive current 
flow, and powers down internal circuitry unneeded during 
fusing to minimize chip heating. 


It also enables the darlington base drive circuitry, makes 
power available to the darlington from the output and enables 
the fusing control circuitry. At this point, the PROM is ready for 
the control line at the chip-enable pin to release the selected 
row driver to allow current flow through the fuse. This 
technique is particularly advantageous because the control 
signal does not supply the large fusing currents. They are 
supplied through the darlington from the output power supply. 
Some care must be taken to avoid excessive line inductance 
on the output line. Reasonable and normal amounts of care 
will reward the user with high-programming yields. 


Special Test Circuitry 


All Advanced Micro Devices PROMs include high-threshold 
voltage gates paralleling several address lines to allow the 
selection of special test words and the deselection of the 
columns to allow for more complete testing of the devices. 
Additionally, special test pads accessible prior to assembly 
allow for testing of some key attributes of the devices. The 
function of these special circuits will be described in more 
detail in the section, ‘Testing’, later in this report. 


There are several advantages to this technique. First, the two 
high current power sources, Vcc and the voltage applied to the 
output do not have critical timing requirements. The low 
current chip select pin gates the fusing current into the circuit. 
Since it is generally desirable to gate the fusing current into 
the chip at relatively fast rates, the use of the chip select for 
this purpose avoids the speed trade-off which would exist 
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using the output voltage as the control. The output voltage 
must not be raised too quickly to avoid breakdown and 
latchback conditions which might occur with sub-microsecond 
rise times on the output. 


The second major advantage of this technique is that in the 
event that the fuse does not open during the first attempt to 
blow it, a near DC condition may be safely applied to it with no 
danger of developing a reliability problem such as that which 
occurs with nichrome fuses. This will be discussed in more 
detail later. The algorithm can therefore be designed first to 
minimize the time required to program the PROM, i.e. with a 
fast first pulse, and second, to maximize the probability that 
any circuit will program. Most PROMs do, of course, fuse 
satisfactorily with all short pulses. However, it is impossible for 
any manufacturer to guarantee absolutely that all fuses in all 
circuits receive 100 percent of the rated fusing current during 
programming. 


Circuit defects which may be resistant to pre-programming 
testing prevent such a guarantee. It is, therefore, quite 
important to have a fuse material insensitive to marginal 
conditions. Even the application of single, short pulses does 
not guarantee that no fuse received marginal amounts of 
current during fusing. The silicide fuse provides this safety 
margin and allows the programmer to maximize the possibility 
of fusing by applying near DC condition to the fuses. 


Fuse Characteristics 


When a fast (less than 500ns rise time) current pulse is 
applied to a fuse, the fuse voltage rises abruptly to a value 
approaching the level anticipated from calculations of the 
room temperature resistance. However, it quickly falls to a 
value of approximately two volts. This value is nearly indepen- 
dent of the applied current. During this period of time, typically, 
the fuse is molten. Very abruptly, the fuse current drops to 
zero indicating the separation of the platinum silicide into two 
distinct sections. Scanning Electron Microscope photographs 
of the resulting fuses (see Figure 6) indicate that the typical 
case is a sharp, clean separation in excess of a micron. This 
separation occurs in the center of the fuse because the bow- 
tie structure (see Figure 7) concentrates the energy density in 
the center away from the aluminum lines. The energy density 
in the center of the fuse is capable of creating temperatures 
substantially greater than required to melt the silicide. The very 
abrupt, high power applied to the fuse melts the fuse center 
and results in a wicking of material on either side due to 
surface tension. 


INUM 
SILICIDE 
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Unprogrammed Fuse 


3-5 MICRONS 


Programmed Fuse 


Figure 6. 


FINAL TESTING OF ADVANCED MICRO DEVICES' MEMORIES 


Wafer Level Tests 


In addition to all the standard DC tests, Advanced Micro 
Devices performs a series of special tests to conform to the 
screening of criteria of MIL-STD-883, Method 5004 3.3 and 
the 0.05% AQL INT-STD-500. Also, AMD performs special 
tests to increase the confidence level of unique address 
selection and to demonstrate fusing capability on all columns 
and word drivers. To accomplish this, diodes are connected 
from the column lines and the word lines to special test pads 
which are accessible only during wafer probing. (See Figure 
4). Using these diodes, Advanced Micro Devices confirms that 
each word driver is capable of sinking sufficient current to 
blow fuses, has appropriate saturation characteristics for AC 
performance, and has sufficient voltage breakdown to with- 
stand fusing voltages. In addition, using special software, a 
sequence of tests dramatically increases the confidence of 
unique address selection on the address decoding. All darling- 
tons are checked to confirm that sufficient current drive is 
available to blow fuses from any column. Schottky diode array 
leakage is also checked to affirm that it is sufficiently low so as 
not to overload the pull down circuitry during the high-voltage 
application of fusing. Finally, high voltages are applied to the 
inputs and outputs to remove potentially weak devices before 
the PROM's are assembled. 


Test Fusing 


Each PROM has two additional word drivers connected to 
special test fuses. These test words are valuable in demon- 
strating beyond reasonable doubt that the device is capable of 
opening fuses in all columns. They also increase the confi- 
dence level in unique addressing. Furthermore, the test words 


serve as correlatable measures of the access times that the 
user can expect from his devices after he has placed his own 
program in the memory. These test words are not visible to the 
user unless he applies special voltages to certain address 
pins. Figure 8 is a diagram of this input circuit. One hundred 
percent of the PROM devices shipped from Advanced Micro 
Devices have had AC testing for access and enable times at 
high-and low-power supply voltages to affirm their AC charac- 
teristics. 


The result of this extensive testing at both the wafer and 
finished device level is a product with very high-programming 
yields and virtually guaranteed AC performance after the user 
places his program in the parts. Additionally, the high voltage 
tests provide an additional level of confidence that the oxide 
and junction integrity is excellent in each circuit and that the 
devices will be relatively insensitive to small transients com- 
mon to programming equipment. 


Py: 
SPECIAL 
SELECT 
CIRCUITRY 
So 


Figure 8. Special input Circuit Used for Array 
Deselection and Test Word Check. 


TO DECODE 
ARRAY 


RF000020 
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Reliability Testing 


All new AMD products must pass strict reliability requirements 
prior to production release. Following qualification, the long 
term reliability of AMD's products is routinely assessed in 
AMD's Reliability Monitor Program (AMD 15-015). The monitor 
program in effect ensures monthly requalification of product to 


AMD's reliability standards & goals. Product is tested by 
generic groupings, all key elements of the qualification test 
matrix are repeated monthly, and performance to standards is 
reviewed by the Executive Quality Board For Bipolar PROMs, 
over fifty billion fuse hours have been completed with no fuse 
related failures. 


RELIABILITY MONITOR PROGRAM FOR DEVICES IN MOLDED PACKAGES 


160 hours at 125°C or 
85°C ambient(Tj < 150°C 
nominal) Initial and end- 
point electrical-QA tape 


1000 hrs (1160 total) @ 
125°C or 85°C ambient (Tj 
< 150°C, nominal) Initial & 
end-point Electrical - QA 

tape 


5,000 hrs cum @ 125°C or 
85°C (Tj < 150°C, nominal) 
Selected from Test 2 
above. Test Tape Interim 
point at 2k hours 


85°C/85% RH/low power 
bias, 500 hours and 


1. Infant 
Mortality 


. Operating 
Life 


. Long Term 
Life 


. Temperature 
and Humidity 


1000 hrs 


Initial, Intermin and end- 
point electrical QA tape 


A. 1000 cycles: -65°C to 
150°C, 30 minutes/ cycle. 
High temperature (75°C 
min) Functional End-point 
Electrical Test 


121°C 15psi, 160 hours, 
unbiased. Initial end-point 
electrical 


. Temperature 
Cycle 


. Pressure 
Cooker 
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TEST SAMPLE | TARGET MAX | ALERT LEVEL 
TEST CONDITIONS METHOD SIZE FAIL RATE FAIL RATE 


06-108 0.15% @ 85°C 
0.20% @ 
125°C 


06-108 


06-108 


06-119 
06-109 


06-120 


0.4% @ 85°C 
0.6% @ 125°C 


0.2%/1k hr at 
85°C 0.3%/1k 
hr at 125°C 


1.0%/1k hr at 
85°C 1.0%/1k 
hr at 125°C 


0.2%/1k hr at 
85°C 0.3%/1k 
hr at 125°C 


1.0%/1k hr at 
85°C 1.0%/1k 
hr at 125°C 


0.5% at 500 
hrs 
1.0% at 1000 
hrs 


2% at 500 hrs 
4.0% at 1000 
hrs 
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RELIABILITY MONITOR PROGRAM FOR DEVICES IN HERMETIC PACKAGES 
TEST SAMPLE TARGET MAX ALERT LEVEL 
iced strtints i ne METHOD SIZE FAIL RATE FAIL RATE 
1. Infant 160 hours at 125°C 06 - 108 0.2% 0.4% 
Mortality ambient Initial and 
end-point electrical 
test - QA tape 
. Operating 1000 hrs (1160 total) at 06 - 108 0.2%/1k hr 1.0%/1k hr 
Life 125°C ambient 
Initial and end-point 
electrical test - 
06 - 108 120 0.2%/1k hr 1.0%/1k hr 
tapes Interim point at 2k 
hours 
. Temperature 1000 cycles, (-65° to 2% 
Cycle 150°C), 30 min/cycle 
end-point-hermeticity 
and electrical test 
QA tape 
. 150°C 1000 hours at 150°C Z 3.0%/1k hr 
Operating ambient 
Life Initial and end-point 
electrical - QA tape 


QA tape 


5,000 hrs cum, 
Selected Test 2 groups, 
same conditions and test 


. Long Term 
Life 
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Bipolar PROMs as Programmable Logic Products 


Selection Guide 


tpp/I 
PART PRODUCT REGISTERED ar 
INPUTS OUTPUTS tsu/top - a/lec 


4 


2048 30ns/15ns/175mA 
2048 25ns/12ns/175mA 
cn Rg Seas eae, 35ns/185mA 
a eee ee 30ns/90mA 


2048 20ns/185mA . 
1024 40ns/20ns/185mA 


1024 25ns/10ns/185mA 


i> cere 

Bae, eres 

eee tee 

Meh CCE toe 40ns/20ns/185mA 
ee FS ee 25ns/10ns/185mA 
MESES ore eee 35ns/185mA 
es ees eae 35ns/15ns/185mA 
4096 27ns/12ns/185mA 


4 


*These devices contain SSR™ on chip diagnotics 
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GENERIC PROGRAMMING INFORMATION 


Advanced Micro Devices Bipolar PROMs are members of a 
generic series incorporating common programming proce- 
dures. All parts in this series are produced with a fusible link at 
each memory location storing a logic LOW and can be 
selectively programmed to a logic HIGH by applying appropri- 
ate voltages to the circuit. 


All parts are fabricated with AMD's fast programming highly 
reliable platinum-silicide fuse technology. Utilizing an easily 
implemented programming algorithum, these products can be 
rapidly programmed to any customized pattern. Extra test 
words are pre-programmed during manufacturing to insure 
extremely high field programming yields and produce excellent 
parametric correlation. 


Platinum-silicide was selected as the fuse link material to 
achieve a well-controlled melt rate resulting in large non- 
conductive gaps that ensure very stable long term high 
reliability. Extensive operating testing has proven that this low- 
field, large gap technology offers the best reliability for fusible 
link PROMs. 


High-yield fusing of the platinum-silicide fuses require that a 
substantial current be delivered to the decoded and selected 
fuse. The fusing current path has been designed to provide a 
large fusing current safety margin. This, however, generates 
large current transients at the time the fuse enable input goes 
to ViHH, and a proportional current decrease at the time the 
fuse opens. The magnitude of this current change may be 
between 50 and 150 mA with rise and fall times of 2-10 ns. 
Some care must be taken to avoid excessive line inductance 
in the output lines of the device (Vcco for ECL devices) as 
well as the ground line to the device in order to maximize 
fusing yields. 


The PROMs may become hot during programming due to the 
large currents being passed. Programming cycles should not 
be continuously applied to one device for more than 5 
seconds to avoid heat damage. If this programming time is 
exceeded, all power to the chip, including Vcc, should be 
removed for a period of 5 seconds after which programming 
may be resumed. 


PROM Programming Equipment Guide* 


Advanced Micro Devices has an ongoing program of evaluation and qualification of PROM programming equipment from various 
hardware manufacturers. Qualification by AMD implies that the equipment has been evaluated for proper implementation of the 
programming algorithm presented at the device socket pins. Programming yield analysis on a limited sample size is also evaluated 


to meet expected, results of AMD. 


Manufacturers listed below have been qualified on the particular equipment listed only. Not all manufacturers have implemented 
AMD's complete product line. Please contact your local AMD sales representative for up-to-date information regarding 


manufacturers implementation status. 


DATA 1|/O 

10525 Willows Road N.E. 
Redmond, Wa. 98052 
(206) 881-6444 


Digilec, Inc. 

1602 Lawrence Avenue 
Ocean, N.J. 07712 
(201) 493-2420 


Kontron Electronics 

630 Price Avenue 
Redwood City, Ca. 94063 
(415) 361-1012 


Oliver Advanced Engineering 
320 W. Arden, Suite 220. 
Glendale, Ca. 91203 

(818) 240-0080 


Stag Systems, Inc. 
528-5 Weddell. Drive 
Sunnyvale, Ca. 94086 
(408) 745-1991 


Valley Data Sciences, Inc. 
2426 Charleston Road 
Mt. View, Ca. 94043 
(415) 968-2900 


Systems 19, 29, & 100 U = seze 

Model 22 ee 
UniPak IIB 

Model UPP-803 FAM-12 

Model EPP-80 

Model MPP-80S be no: 

OMNI 64 

Model PPX 

Model PP17 a 

Series 160 


Software support for PROMs as programmable logic products is available from the following companies, please contact the 


indicated company for the status of their particular product: 


Assisted Technology, Inc. (CUPL) 
2381 Zanker Road, Suite 150 
San Jose, Ca. 9513 

(408) 942-8787 


DATA 1/O (ABEL) (PROMLINK) 
10525 Willows Road N.E. 
Redmond, Wa. 98052 

(206) 881-6444 
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TTL PROM Programming Procedure 
Fusing Technique 


Advanced Micro Devices' PROM circuits have been designed 
to use a programming algorithm which minimizes the require- 
ments on the programmer yet allows the circuit to fuse the 
platinum silicide links quickly and reliably. Specifically, the 
following sequence of events must take place: 


1. Voc power is applied to the chip; 

2. The appropriate address is selected; 

3. The chip is deselected; 

4. The programming voltage is applied to one output; 
5 


. The fuse enable voltage is raised to enable a high-threshold 
voltage gate. This action gates the current flow through the 
proper fuse resulting in an open fuse in a few microseconds; 


6. The output voltage is lowered (the programming voltage 
removed); 


7. The device is enabled and the bit sensed to verify that the 
fuse has blown. In the unusual event that the fuse does not 
verify as blown, a sequence of much longer pulses is 
applied to the fuse at a high duty cycle until the fuse verifies 
as open; 


8. The sequence of 2 through 7 must be repeated for each 
fuse which must be opened. 


9. At the conclusion of programming, the device should be 
verified for correct data at all addresses with two (2) Vcc 
supply voltages (Vcc = 5.7 V & Voc = 4.4 V.). 


NOTES ON PROGRAMMING 


1. All delays between edges are specified from the completion 
of the first edge to the beginning of the second edge, not 
the midpoints. 


2. Delays t; through tg must be greater than 100 ns; maximum 
delays of 1.5 uwS are recommended to minimize heating 
during programming. 


3. During ty, the output being programmed is switched to the 
load R and read to determine if additional programming 
pulses are required. 


4. Outputs not being programmed are connected to Vonp 
through resistor R which provides output current limiting. 


5. All output enable pins, except the output enable used as the 
Fusing Enable Input, should be held at Vi_p for Gp, inputs 
and Viyp for Gp inputs. 


PROGRAMMING PARAMETERS Ta = 25°C 


ee 
a ae Description 

oS | | Control Pin Extra High Level @10-40mA = sd Pin Extra | Control Pin Extra High Level @10-40mA = sd Level @ 10-40 mA a 
Vee | Fusing Enable Voltage @ 10-40ma_SSSC*d=CS S18 |B ol 
hei a oe 
Vine | Input High Lovel Dung Programming and Verly «|= 
Vip | Input Low Level During Programming and Verly «| 00 
Voor | Voc During Programming @ og=50-200ma_—«d| 8 | —82 

[aVor/at | Rate of Output Votage Change | 

[avre/at__| Rat of Fusing Enable Votage Change | 
rata tae rea Aen eo 

Eee 

Deki Se 

| 500 


fies ae. 
Bere: 
| 85 | Volts 
Fee Sea 
| 1000 _| 


Fusing Time Subsequent Attempts Ra 
Delays Between Various Level Changes 
ce eee oe Period During which Output is Sensed for Vpiown Level aoe 


Ed | Pull-Up Resistor On Outputs Not Being Programmed wrasse 
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PROGRAMMING WAVEFORMS 


' 
' 
! a nr ie 
3 3 
t 
FUSING ENABLE | VrHp 
rT: 
INPU aoe, VILP 
' ‘ 
: a Vop 
: : 
! 
OUTPUT 
eantinttelreicisetraneeechene - }- queneneeiaieiedaes 4 Vor 
' 
: 


PROGRAMMING CYCLE 
WF022020 


PROGRAMMING 4 Bit WIDE TTL PROMs 


Fuse 
Part Number Enable Pin 
Gy 


Am27S20/21 
Am27S12/13 
Am27S32/33 
Am27S184/185 
Am27S40/41 


TC003780 


SIMPLIFIED PROGRAMMING DIAGRAM 


PROGRAMMING 8 Bit WIDE TTL PROMs 


Fuse 


Am27S15 
Am27S18/19 
Am27S28/29 
Am27S280/281 
Am27S290/291 
Am27S31 
Am27S180/181 
Am27S190/191 
Am27S43 
Am27S49 
Am27S51 


5 
G 
Gy 
Gy 
G 
e 
Gy 
a1 


1 


TC003790 


SIMPLIFIED PROGRAMMING DIAGRAM 
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PROGRAMMING 4-WIDE REGISTERED PROMs 


The 4-bit wide Registered PROMs are programmed according 
to the generic TTL: programming algorithm. This algorithm 
specifies a clock at the beginning of the programming cycle to 
establish output data states & enable register state. A second 
clock occurs prior to verification to bring programmed data to 
the outputs. The fuse enable input is the MODE (M) input. The 
DK input and all enable inputs (G & G/GS) should be held at a 
logic LOW throughout programming and verification. On the 
Am27S95 the Go input should be held at a logic HIGH. 


In addition to the programmable fusible link array these 
devices contain two (2) architecture fuses to program the 
Enable and the Initialize input functionality. Special verification 
circuitry within the device will permit the architecture word to 
be presented at the outputs for programming verification. This 
verification circuitry is enabled by holding the SD input at Vin 
throughout programming and verification. The two-bit architec- 
ture word will then program the functionality of the respective 
inputs according to Table 1. 


‘Table 1 


Am27S65, Am27S75, and Am27S95 
Architecture Input Function 
Data Word Fae a see eiseorarene 
(Hex) G/GS Input 1/IS Input G/GS/I/IS Input 


eee ae Asynchronous Enable (G) | Asynchronous Initialize (I) | Asynchronous Enable (G) 
Pa eS Asynchronous Enable (G) | Synchronous Initialize (IS) | Asynchronous Initialize (1) 


pe ole ia oe Enable Asynchronous Initialize (I) | Synchronous Enable (GS) 
C Synchronous Enable Suneis Intiaize (1S) | Synch intialze (S 
(GS) 3 .| Synchronous Initialize (IS) ynchronous Initialize (IS) 


These Registered PROMs all have an additional 4-bit word 
which may be programmed to provide any arbitrary microin- 
struction for system initialization. The unprogrammed state of 
this word will initialize the data registers with all outputs LOW. 


These parts use the initialize (I/IS) pin as a select control 
between the array and the architecture & initialize words. 
Initialize (I/IS) HIGH enables the array for programming and 
disables the architecture & initialize words. Initialize (I/IS) 


Am27S85 
input Function 


LOW enables the architecture & initialize words for program- 
ming and disables the array. 


An easy implementation for programming the architecture & 
initialize words would be to invert the next higher address input 
(An +1) from the PROM programmer and apply this signal to 
the initialize (I/IS) input pin. The array, architecture, and 
initialize words could then be programmed over a continuous 
address field according to Table 2. 


Table 2 


” 


Am27S95 
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71S Pin Field (Hex) Address (Hex) Address (Hex) 
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PROGRAMMING 4 Bit WIDE Registered PROMs 


Ag@- An 
An +l be Te - 
x4 

© PK RPROMs EI ‘ 
Mode : 

a @ Vep 

SD 
G, GAS, DK 
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Fuse 
Part Number Enable Pin 


Am27S65 (M) MODE 
Am27S75 (M) MODE 
Am27S85 (M) MODE 


Am27S95 (M) MODE 


PROGRAMMING 8- WIDE REGISTERED PROMs 


The 8-bit wide registered PROMs, with the exception of the 
Am27S55, are programmed according to the generic TTL 
programming algorithm. This algorithm specifies a clock at the 
beginning of the programming cycle to establish output data 
states & enable register state. A second clock occurs prior to 
verification to bring programmed data to the outputs. The fuse 
enable input is the asynchronous enable (G) input. The 
synchronous enable input (GS) on all parts is held at a logic 
LOW. 


The Am27S35, Am27S37, Am27S45, & Am27S47 all have an 
additional 8-bit word which may be programmed to provide 
any arbitrary microinstruction for system initialization. The 


unprogrammed state of this word will initialize the data 
registers with all outputs LOW. 


These parts use the initialize (I/IS) pin as a select control 
between the array and the initialize word. Initialize (I/IS) HIGH 
enables the array for programming and disables the initialize 
word. Initialize (I/IS) LOW enables the initialize word for 
programming and disables the array. 


An easy implementation for programming the initialize word 
would be to invert the next higher address input (A, + 1) from 
the PROM programmer and apply this signal to the initialize 
(I/IS) input. The array and initialize word could then be 
programmed over a continuous address field according to 
Table 1. 


TABLE 1 


Array Programming Address | Initialize Word _ G/GS Word 
iis Field (Hex) Address (Hex) Address (Hex) 


000 thru 7FF 


Am27S35- 


Am27S45- Kr 
Am27S47 "1 
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PROGRAMMING 8 Bit WIDE Registered PROMs 


Voce Vone 


x8 


RPROMs 
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SIMPLIFIED PROGRAMMING DIAGRAM 


Fuse — 


Am27S27 G 
Am27S825 
Am27S35 
Am27S45 


PROGRAMMING the Am27S55 8- WIDE REGISTERED PROM 


The Am27S55 is programmed according to a modified TTL 
programming algorithm. This algorithm specifies a clock at the 
beginning of the programming cycle which transitions between 
a TTL LOW level and Vip to establish output data states & 
enable register state. A second clock, at normal TTL levels, 
occurs prior to verification to bring programmed data to the 
outputs. The fuse enable input is the multifunctional (G/GS/1/ 
TS) input. 


In addition to the programmable fusible link array this device 
contains two (2) architecture fuses to program the Enable or 
the Initialize input functionality. Special verification circuitry 
within the device will permit the architecture word to be 
presented at the outputs for programming verification. This 
verification circuitry is enabled by holding the Aj input at VipH 
throughout programming and verification of the architecture & 
initialization fuses. The two-bit architecture word will then 
program the functionality of the G/GS/I/IS pin to one of the 
input functions according to Table 1. 


Table 1 


Architecture Data Word 


G/GS/I/IS Input 


[00 | Aeynehronous Enable © 


Asynchronous Initialize (I) 


Synchronous Initialize (IS) 


This product has an additional 8-bit word which may be 
programmed to provide any arbitrary microinstruction for 
system initialization. The unprogrammed state of this word will 
initialize the data registers with all outputs LOW. 


This part uses the address input (Aj) as a select control 
between the array and the architecture & initialize words. Aj at 
either a TTL LOW or HIGH enables the array for programming 
and disables the architecture & initialize words. A; when taken 


to a ViHH level enables the architecture & initialize words for 
programming and disables the array. 


An easy implementation for programming the architecture & 
initialize words would be to have the next higher address input 
(An + 1). Aya in this case, from the PROM programmer used to 
enable a ViHH HIGH level for the A; input pin. The array, 
architecture, and initialize words could then be programmed 
over a continuous address field according to Table 2. 


Table 2 


Ai (Vino) Enable Array Programming Architecture Word 
Device Control Pin Address Field (Hex) Address (Hex) 


Initialize Word 
Address (Hex) 


Ama7S56 0000 thru OFFF 
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PROGRAMMING the Am27S55 


* Am2¢355 


RPROM 


TC003760 


Fuse 
Part Number Enable Pin 


Am27S55 G/GS/1/IS 


SIMPLIFIED PROGRAMMING DIAGRAM 


Am27S55 PROGRAMMING WAVEFORMS 


ADDRESS VIHP 
sgeaiate X | SELECTED ADDRESS STABLE | | X es 


cern eeemrenenenerhweenne VEE 


Sure? 


FUSING ENABLE 


INPUT <G> 
uae 


? A : 
i] 


Cee 
a 
od 


CLOCK <K> 


WF022010 
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ECL PROM Programming Procedure 


Fusing Technique verify as blown, a sequence of much longer pulses is applied 
to the fuse at a high duty cycle until the fuse verifies as open; 
8. The sequence of 2 through 7 must be repeated for each 


Advanced Micro Devices' PROM circuits have been designed fuse which must be opened. 


to use a programming algorithm which minimizes the require- 9. At the conclusion of programming, the device should be 
ments on the programmer yet allows the circuit to fuse the verified for correct data at all addresses with two (2) Veg 
platinum silicide links quickly and reliably. Specifically, the supply voltages (Veg =-4.2 V, & Veg =-5.7 V.). 


following sequence of events must take place: 
= Z NOTES ON PROGRAMMING 


1.Vcc power is applied to the chip; 1. All delays between edges are specified from the completion 
2. The appropriate address is selected; of the first edge to the beginning of the second edge, i.e., 
3. The chip is deselected; 


4. Th 4 5; lied to V : not the midpoints. 

- The programming voltage is applied to Vcco;_ 2. Delays ty through ts must be greater than 100 ns; maximum 

5. The output to be programmed is raised to VFg. This action delays of 1.5 ys are recommended to minimize heating 
gates the current flow through the proper fuse resulting in during pro gr amming 


an open fuse in a few microseconds; 3. During ty, the output being programmed is switched to the 


6. The programming voltage (Vcp) is lowered and the fuse aa 
oad R and read to determine if additional programming 
enable voltage (VrFE) is removed from the output. pulses are required. 


7. The device is enabled and the bit sensed to verify that the 
4. Outputs not being programmed are connected to Vonp 
fuse has blown. In the unusual event that the fuse does not through resistor R which provides output current limiting. 


PROGRAMMING PARAMETERS Ta = 25°C 


i - — 
Symbol Description Typ. 

[Vee | Fusing Enable Voltage (Applied to Outputs) @ 10mA | _t60_| 180 | 200 | Volts 
[Ver | Program Voltage @ 15-200mA S| «tS =| «1515S | ots 
[Vine | Input High Level During Programming and Very —=«|=~-42_~+| -10 | -08 | Volts 


[vee/at | Rate of Fusing Enable Votage Change —=SSCS~—dCi 

SS eee a 
[Fusing Time Subsequent Avempis ——=SC~=~s 

[Wat | Delays Betwoon Various Level Changes —=SSSCS~rCi 

Ty _| Period During Which Output is Sensed for Vaiown Level | ‘| 800 

[ Pul-Down Voltage for Outputs (During Veriicaton) | -2_| -20_| 

: [20 


= SSeS Pull-Down Resistor On Outputs Not Being Programmed 


PROGRAMMING WAVEFORMS 
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PROGRAMMING ECL PROMs 
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Programming Problems 
by AMD Bipolar Memory Product Engineering 


INTRODUCTION 


Advanced Micro Devices’ Generic Series of Programmable 
Read Only Memory (PROM) circuits have been designed to 
provide extremely high programming yields. Available pro- 
gramming currents are over designed by a factor of four and 
special circuitry accessible only during testing is incorporated 
into each product to eliminate ordinarily difficult to detect 
shorts and opens in the array and decoders. As a result, 
unique decoding and very large fusing currents are virtually 
assured to the user. AMD PROMs have test fuses pro- 
grammed prior to shipment as a further guarantee. The results 
of such extensive testing and design considerations are 
programming yields consistently in the 98% to 99.5% range. 


Key to the achievement of such yields is a programmer 
properly calibrated to the AMD specification with good contac- 
tors, ''clean"' electrical wave forms and properly functioning 
subcircuits. In the event that your programming yields fall 
below 98%, you should investigate the characteristics of the 
failed devices to find a prominent failure mode, then use the 
attached information as a guide to resolving the problem. 
Simple problems can be very costly if not detected and 
corrected. 


Should you continue to have trouble optimizing your program- 
ming yield, contact your AMD representative or local program- 
mer manufacturer representative. 


Guide to the Analysis of Programming Problems 


Primary Symptom Secondary Symptom Possible Causes 


1) Address driver output which remains continuously low or con- 
tinuously high. 


A) Binary blocks of miss- 
ing data 


1) Units fail to program 
all desired bits 


2) Address driver with a "low" voltage greater than 0.5V or a 
"high" voltage less than 2.4V. 


3) Poor, intermittent or no electrical contact to one or more ad- 
dress input pins. 


Any of the above may result in over programming half the array 
and not programming the other half. 


B) Random bits of missing 1) Address driver with a ''low'' voltage greater than 0.5V or a 
data "high'' voltage less than 2.4V. 


2) Poor electrical contact to address, chip enable and output 
pins. 


3) Excessive transient noise on Vcc, output pin (> 20.5V), or 
ground pins. Check with a high speed storage oscilloscope 
for peak values during programming. Use transient suppres- 
sion networks where appropriate. 


4) Programmer does not comply with AMD Programming Specifi- 
cation. (See Programming Parameters.) 
Examples: 
— Output voltage during programming less than 19.5V 
— Vcc during programming less than 5.0V 
— G voltage during programming less than 14.5V 


C) All data associated with 
a single output missing 


1) Poor or no electrical contact to that output pin. 
2) Defective current switch in programmer. 


D) No data change 1) Wrong device or programming socket. 


2) Programmer does not comply with AMD's Programming Spec- 
ifications. (See Programming Parameters.) 
Examples: 
— Output voltage during programming less than 19.5V 
— Vcc during programming less than 5.0V 
— G voltage during programming less than 14.5V 


Publication Rev. Amendment 
5-254 03305 Cc 10 


Issue Date: May 1986 


Primary Symptom Secondary Symptom 
Il) Over-Programmed A) One output continuously 
Devices at a Logic ''1" 


B) All outputs continuously 
at a Logic ''1" 


DEFINITIONS 


Fuse 


Guide to the Analysis of Programming Problems 


Possible Causes 


1) Programmer does not comply with AMD's Programming Spec- 
ifications. (See Programming Parameters.) 


Examples: 
— Output voltage during programming greater than 20.5V 
; — Programmer timing incorrect 


2) Open outputs can appear to be programmed to Logic ''1'' 
with the presence of a pullup resistor even though the device 
has not actually been programmed. 


3) Excessive voltage transients on output lines during program- 
ming. Be sure appropriate transient suppression networks are 
placed on the outputs. 


1) No Vcc applied to device. 

2) No ground applied to device. 
3) Incorrect device type. 

4) Incorrect programming socket. 


5) Excessive voltage transients on output lines. Use transient 
suppression network shown in Figure 1. 


Over Programmed 


— Conductive Platinum-Silicide link used as a memory ele- — A device failure in which a fuse which was not selected to 


ment in Advanced Micro Devices’ PROM circuits. 
Unprogrammed Bit 


— A conductive fuse. 


open nevertheless opened during the fusing operation. 
Address Driver 


— The voltage source which drives an individual address pin in 


the PROM. This source is part of the programmer and 
Programmed Bit drives the address pin with ''0''s (OV to .45V) and ''1"'s 
(2.4V to 5.5V) depending on instructions from the program- 


= Prnenconductve tuse, that is:one which has been opened. mer control circuitry. There is a separate address driver for 


Output Low (Logic ''0'’) every PROM address pin. 

— An output condition created by an unprogrammed bit. Programmer 

Output High (Logic ''1'') —A system capable of providing the appropriate array of 
signals to a PROM circuit to cause certain user controlled 

— An output condition created by a programmed bit. bits to be programmed (i.e., fuses opened) in the device. As 


a minimum it consists of a memory containing the pattern to 

be programmed, control circuitry to sequence the address- 

— A device failure in which a fuse selected to be opened failed ing and fusing control pulses, power supplies, and address 
to open during the fusing operation. drivers. 


Failure to Program 


TRANSIENT SUPPRESSION NETWORK 


TO OUTPUTS 


1N4148 OR EQUIVALENT 
eee 


1N46746A OR EQUIVALENT 


O1pF// Apr fe 3001) 


AF000250 


Notes: 1. Clamp diodes should be connected to each output as close as physically possible to the device 
pin. 
2. Vcc should be decoupled at the device pin using .01uF//.1uF capacitors. 
3. AMD recommends that all address pins be decoupled using .001uF capacitors. 
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Abstract 


Determination of the Thermal Resistance of Packaged De- 
vices is of concern to the designer of new devices and to AMD 
customers. The Advanced Package and Material Develop- 
ment group has undertaken the task of characterizing current 
AMD products and quantifying package-related influences on 
Thermal Resistance. This report describes some of these 
effects and the technique used to measure Thermal Resis- 
tance. 


Definition of Thermal Resistance 


The reliability of an integrated circuit is largely dependent on 
the maximum temperature which the device will attain during 
operation. Because the stability of a semiconductor junction 
declines with increasing temperature, knowledge of the ther- 
mal properties of the packaged device becomes an important 
factor during device design. In order to increase the operating 
lifetime of a given device, the junction temperatures must be 
minimized. This demands knowledge of the thermal resistance 
of the completed assembly and specification of the conditions 
in which the device will function properly. As devices become 
both smaller and more complex and the requirement for high 
speed operation becomes more important, heat dissipation 
will become an ever more critical parameter. 


Thermal resistance is defined as the temperature rise per unit 
power dissipation above some referenced condition. The unit 
of measure is typically °C/watt. The relationship between 
junction temperature and thermal resistance is given by: 


Ty =Tx+Pp 9x (1) 


where: T,; = junction temperature 
Tx =reference temperature 
Pp = power dissipation 
6}, = thermal resistance 
X =some defined test condition 


In general, one of three conditions is defined for measurement 
of thermal resistance: 


ic - thermal resistance measured 
with reference to the tempera- 
ture at some specified point on 
the package surface. 


Bsa - thermal resistance measured 
(still air) with respect to the temperature 
of a specified volume of still air. 
Bsn - thermal resistance measured 
(moving air) with respect to the temperature 


of air moving at a specified ve- 
locity. 


The relationship between 6). and 0,, is 
Bsn = yc + Ocn 


where 6,, is a measure of the heat dissipation due to natural 
convection (still air) or forced convection (moving air) and the 
effect of heat radiation and mounting techniques. 6), is 
dependent solely on material properties and package geome- 
try; 8,, includes the influence of the surface area of the 
package and environmental conditions. Each of these defini- 
tions of thermal resistance is an attempt to simulate some 
manner in which the package device may be used. 


The thermal resistance of a packaged device, however 
measured, is a summation of the thermal resistances of the 
individual components of the assembly. These in turn are 
functions of the thermal conductivity of the component mate- 
rials and the geometry of the heat flow paths. Like other 
material properties, thermal conductivity is usually tempera- 
ture dependent. For alumina and silicon, two common pack- 
age materials, this dependence can amount to a 30% 
variation in thermal conductivity over the operating tempera- 
ture range of the device. The thermal resistance of a compo- 
nent is given by 


( 
6 =—— (2) 
K(T)A 
where:L =length of the heat flow path 
A = cross sectional area of the heat flow path 
K(T) = thermal conductivity as a function of tem- 


perature 


and the overall thermal resistance of the assembly (discount- 
ing convective effects) will be: 


La 
K,An 


but since the heat flow path through a component is influ- 
enced by the materials surrounding it, determination of L and 
A is not always straightforward. 


d= %6,=2 


A second factor that affects the thermal resistance of a 
packaged device is the power dissipation level and, more 
particularly, the relationship between power level and die 
geometry, i.e., power distribution and power density. By 
rearrangement of equation 1 to 


1 1 
Pg @,, (T,- Tx) 5, (Ty-Tx) (3) 
the relationship between P, and T; can be more clearly seen. 
Thus, to dissipate a greater quantity of heat for a given 
geometry, T, must increase and, since the individual 9, will 
also increase with temperature, the increase in T, will not be a 
linear function of increasing power levels. 


A third factor of concern is the quality of the material 
interfaces. In terms of package construction, this relates 
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specificaliy to the die attach bond, and for those packages 
having a heatsink, the heatsink attach bond. The quality of the 
die attach bond will most severely influence the package 
thermal resistance as this is the area which first impedes the 
transfer of heat out of the silicon die. Indeed, it seems likely 
that the initial thermal response of a powered device can be 
directly related to the quality of the die attach bond. 


Experimental Method 


The technique for measurement of thermal resistance involves 
the identification of a temperature-sensitive parameter on the 
device and monitoring this parameter while the device is 
powered. For bipolar integrated circuits the forward voltage of 
the substrate isolation diode provides a convenient parameter 
to measure and has the advantage of a linear dependence on 
temperature. MOS devices which do not have an accessible 
substrate diode present greater measurement difficulties and 
may require simulation through use of a specially designed 
thermal test die. Choice of the parameter to be measured 
must be made with some care to ensure that the results of the 
measurement are truly representative of the thermal state of 
the device being investigated. Thus measurement of the 
substrate isolation diode which is generally diffused across the 
area of the die yields a weighted average of the condition of 
the individual junctions across the die surface. Measurement 
of a more local source would yield a less generalized result. 


For MOS devices, simulation is accomlished using the thermal 
test die. The basis for this test die is a 25 mil square cell 
containing an isolated diode and a 1 K{2 resistor. The resistors 
are interconnected from cell to cell on the wafer before it is cut 
into mulitple arrays of the basic unit cell. In use the device is 
powered via the resistors with voltage or current adjusted for 
the proper level and the voltage drop of the individual diodes is 
monitored as in the case of actual devices. 


Prior to the thermal resistance test, the diode voltage/ 
temperature calibration must be determined. This is done by 
measuring the forward voltage at 1 mA current level at two 
different temperatures. The diode calibration factor is then: 


-— (4) 


in units of °C/mV. For most diodes used for this test the 
voltage/temperature relationship is linear and these two 
measurement points are sufficient to determine the calibration. 


The actual thermal resistance measurement has two alternat- 
ing phases: measurement and power on. The device under 
test is pulse powered with an ON duty cycle of 99% and a 
repetition rate of < 100 Hz. During the brief OFF states the 
device is reverse-biased with a 1 mA current and the voltage 
drop is measured. The series of voltage readings are averaged 
over short periods and compared to the voltage reading 
obtained before the device was first powered ON. The thermal 
resistance is then computed as: 


Ke(Ve-Vi) K,AV 
Villy Pp 


where: Kr = calibration factor 
V, = initial forward voltage value 
Ve = current forward voltage value 
Vy = heating voltage 
14 = heating current 


(5) 


. = 
x 


The pulsing measurement is continued until the device has 
reached thermal equilibrium and the final value measured is 
the equilibrium thermal resistance of the device under test. 


When the end result desired is 6,, (still air), the device and the 
test fixture (typically a standard burn-in socket) are enclosed in 
a box containing approximately 1 cubic foot of air. For 0). 
measurements the device is attached to a large metal 
heatsink. This ensures that the reference point on the device 
surface is maintained at a constant temperature. The require- 
ments for measurement of 6), (moving air) are rather more 
comple x and involve the use of a small wind tunnel with 
capability for monitoring air pressure, temperature and velocity 
in the area immediately surrounding the device tested. Stan- 
dardization of this last test requires much careful attention. 


WAVEFORMS FOR PULSED THERMAL RESISTANCE TEST 


VH 


VOLTAGE 


CURRENT 
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Experimental Results 


The thermal resistance data included in the attached table was extrapolated from data collected using the procedure outlined in the 


preceding section. This data has resulted from an ongoing program undertaken by members of the Material Technology 
Development group. 


Updated data will replace the data in this table as each device is measured or revised data becomes available. 


Thermal Resistance of AMD Products 


(Notes 1, 2 and 3) 
PACKAGE TYPE 
(Note Basin ied AD SRT lo... te' Sea aed Resear Merete 


Ceramic DIP 
Plastic DIP 
Ceramic Flatpack 
Ceramic LCC 
Plastic LCC* 


Ceramic DIP 
Plastic DIP 
Ceramic Flatpack 


Ceramic LCC = CR 
Plastic LCC* CR 


1. Representative values for each package type — for information only. 

2. Any given device may differ from these values. Consult local AMD sales 
office for specific-device information. 

3. CR = Consult local AMD Representative. 

4. DIP = Dual-In-Line Package 
LCC =Leadless Chip Carrier 
LCC* = Leaded Chip Carrier 


20 


Notes: 


Table 1. 
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Cerdip (CD) Packages 


AIR FLOW (ft/min) 


110 
100 
Die Size (mils)? | R“@,, (°C/Watt) 
co 020 ope | ee ee 
ieee cp 3024!) 
: aos cD 020 
c: (2) 
wt 60 CD 024 (2) 
3 co o40 oD 9024 11250 | 2 ee 
=& 
x 
= bo cp o40(9) 
a epogo@) | soe | 2 
Sapee nnerereiicieae 
- * These are typical values for the given die size. 
20 cp o4o(*) Other die size values to be supplied in the future. 
Most Advanced Micro Devices’ products will be slightly lower. 
Lat 100 200 300 400 500 600 700 800 900 1000 
AIR FLOW (ft/min) 
Leadless Chip Carriers (CL) Packages 
100 
90 
80 
CL 020 * 
ae Die Size (mils)? | R’,. (°C/Watt) 
O 
cs 60 CLT 028 (1) Geer 16 
am, 50 2 
73 —— ovtoze@) | soo 
>: = 65 
see 
CL 084 
20 * These are typical values for the given die size. 
Other die size values to be supplied in the future. 
10 Most Advanced Micro Devices’ products will be slightly lower. 
°0 100 200 300 400 500 600 700 800 900 1000 
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Molded Dip (PD) Packages 


110 

100 

90 

80 PD 016 
z PD 020, PD 3024 
oe eg PD 040-1 
ao RX PD 024 
az - 
a3 
Y 
=f 
a 
: 


Die Size (mils)? | R'@,,(°C/Watt) 
<eee oeee  ee e 


PD 020 


aml eS 


* These are typical values for the given die size. 
Other die size values to be supplied in the future. 
Most Advanced Micro Devices’ products will be slightly lower. 


Plastic Leaded Chip Carrier (PL) Packages 


1 
° > 400 200 300400 500 600-700 800 900 1000 
AIR FLOW (ft/min) 
110 
100 
Ww 
O 
z 
< 3 70 PL 020 
i?) 
ao 
© ~, 60 
a =» 
tc 
ee 
I PL 028 
a 40} 
PL 044 
30 
PL 068 
20 
10 


0 100 200 300 400 500 600 700 800 900 1000 
AIR FLOW (ft/min) 


rw 
[pic | ees | 
eee eee. ee ee ee 
[poe | coms | 8 


* These are typical values for the given die size. 
Other die size values to be supplied in the future. 
Most Advanced Micro Devices’ products will be slightly lower. 
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THERMAL RESISTANCE 


(Ry) °C/W 


SS. Ss Les 


3 


30 


0 


Cerpack (CF) Packages 


CF 016 


CF 018 


CF 020 


CFM 024 


100 200 300 400 500 600 700 800 900 1000 
AIR FLOW (ft/min) 


Die Size (mils)? | R“0,,(°C/Watt) 
| 5a eee 
i a oe ee 
CFM 024 22,500 


* These are typical values for the given die size. 
Other die size values to be supplied in the future. 
Most Advanced Micro Devices’ products will be slightly lower. 
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Physical Dimensions 
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Physical Dimensions are for reference only. All dimensions are measured 
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ADVANCED MICRO DEVICES European Sales Offices 


Advanced Micro Devices maintains a network of representatives and distributors throughout Europe and the United Kingdom. 
For an address near you, consult the listings. 


European Sales Offices GERMANY ITALY UNITED KINGDOM 

BELGIUM Advanced Micro Devices GmbH Advanced Micro Devices S.p.A. Advanced Micro Devices (U.K.) Ltd. 
Advanced Micro Devices S.A.N.V. Rosenheimer StraBe 1436 Centro Direzionale A.M.D. House, 

Avenue de Tervueren, 412, bte 9 D-8000 Miinchen 80 Via Novara, 570 Goldsworth Road, 

B-1150 Bruxelles Tel: (089) 4114-0 |-20153 Milano Woking, Surrey GU21 1JT 

Tel: (02) 7719142 Telex: 523883 Tel: (02) 3533241/3390541 Tel: (0483) 740440 

Telex: 61028 FAX: (089) 406490 Telex: 315286 Telex: 859103 


FAX: (02) 7623712 FAX: (02) 3498000 FAX: (0483) 756196 


Feuerseeplatz 4 


FRANCE D-7000 Stuttgart 1 NORWAY The Genesis Centre 

Advanced Micro Devices S.A. Tel: (0711) 623377/78 Advanced Micro Devices A.B. Garrett Field, Science Park South 
Zone Orlytech Telex: 721882 Hévik Business Center Birchwood, Warrington WA3 7BH 
5, Allée du Commandant Mouchotte FAX: (0711) 625187 Sandviksveien 26, P.O.Box 156 Tel: (0925) 828008 

F-91550 Paray-Vieille-Poste Marktplatz 3 N-1322 Hévik Telex: 628524 

Tel: (1) 49751010 D-3012 Langenhagen Tel: (02) 537810 FAX: (0925)827693 

Telex: 263282 Telex: 79079 


Tel: (0511) 736085 
Telex: 922850 
FAX: (0511) 721254 


FAX: (1) 49751013 FAX: (O02) 591959 


Advanced Micro Devices AB 
Box 2028, Rissneleden 140 


S-172 02 Sundbyberg 


Tel: (08) 7330350 
Telex: 11602 
FAX: (08) 7332285 


European Representatives and Stocking Distributors 


AUSTRIA a D-8000 Miinchen 82 ISRAEL 1-50127 Firenze PORTUGAL 
F-69008 Lyon 
EBY Elektronik Ges.m.b.H. Te). 78743038 Tel: (089) 42001-0 Amtronics Ltd. Tel: (055) 4377871 Digicontrole L.d.A. 

A-1150 Wien F-35135 Chantepie D-8500 Nurnberg 20 IL-64075 Tel-Aviv |-20138 Milano P-1900 Lisboa 

Tel: (0222) 838519 page get at Tel: (0911) 595058 Tel: (03) 227857 Tel: (02) 50791 Tel: (1) 890373 
Ing. E. Steiner aS EBV-Elektronik GmbH ITALY 1-41100 Modena SPAIN 

A-1130 Wien F-91303 Massy Cedex D-1000 Berlin Ceidis Italiana S.p.A. Tel: (059) 356080 Kontron S.A. 

Tel: (0222) 627474-0 Tel: 69904141 Tel: (030) 3421041-44 ded ar : 1-00100 Acilia Roma E-28034 Madrid 
weksaitiea F-33700 Merignac D-3006 Burgwedel 1 rate ini Tel: (06) 6062570 Tel: (01) 7291155 
D & D Electronics PVBA Tel: 56472518 Tel: (05139) 8087-0 Aid Paras Belsame (Mi) 1-10137 Torino Sagitron S.A. 

B-2090 Antwerpen F-60698 Veniesieux Cedex D-6000 Frankfurt/M 90 et: (08) 6 Tel: (011) 74191 an pgecill 

Tel: (03) 8277934 Tel: 78000637 Tel: (069) 785037 vin ral arb |-35010 Vigonza (Padova) ag 
E.B.V. F-83130 La Garde D-4040 Neuss i Tel: (0444) 571993 SWEDEN 

B-1950 Zaventem Tel: 94089480 Tel: (02101) 530072 1-35100 Padova Sitverstar S.p.A. AB Gésta Backstrom 

Tel: (02) 7209936 atr D-7000 Stuttgart 1 Tel: (049) 772099 I-70194 Bari $-102 21 Stockhoim 

F-33000 Bordeaux Tel: (0711) 61910-0 1-61100 Pesaro Tel: (080) 366705 Tel: (08) 541080 
: vit apo Tel: 56529959 D-8025 Unterhaching Tel: (0721) 26560 |-40122 Bologna — eo 
DK-2980 Kokkedal F-35510 Cesson Sevigne Tel: (089) 611051 reset — a Tel: (051) 524635 * he : none 
Tel: (02) 244888 Tel: 99838485 H. M. Miller Vertriebs-GmbH et: (06) |-63023 Fermo 
F-31320 Escalquens D-5600 Wuppertal 1 10149 Torino Tel: (0734) 375181 SWITZERLAND 
FINLAND Tel: 61815157 Tel: (0202) 426016 Tel: (011) 755604 1-50132 Firenze Kontron AG 
Field Oy F-94250 Gentilly D-8000 Miinchen 40 Comprei S.p.A. Tel: (055) 572418 CH-8010 Ziirich 
SF-00620 Helsinki Tel: (1) 46641101 Tel: (089) 3072075/6 |-40013 Castel Maggiore \-16148 Genova Tel: (01) 4354111 
FRANCE Tel: 91060218 D-1000 Berlin 61 20092 Cinisello Balsamo (Ml) =—=—_—1.901.46 Milano Alpha Electronic 
Tel: (030) 6934090 Tel: (02) 6120641 Tel: (02) 4996 Components, Ltd. 
. Fpaeed Manen D-7120 Bietigheim |-62018 Potenza Picena Letchworth 
F-83170 Brignoles Grenoble reugnel r |-35010 Padova 
Tel: 94592993 Tel: 76901188 Tel: (07142) 7003-0 Tek: (0733) 672992 Tel: (049) 706533 denyrcigrnlnipdices Sip 
6-4600 Dortmund 13 100194 Roma Tel: (0462) 480888 

F-78152 Le Chesnay F-69200 Venissieux 3 lu Tel: (06) 3084860 1-00198 Roma Ashen Weil 

Tel: (1) 39549113 Tel: 78000726 Tel: (0231) 21801-0 et: (06) Tel: (06) 8448841 High Woon 

F-33700 Merignac D-7800 Freiburg 10149 Torino 1-10139 Torino 

eee GERMANY Tel: (0761) 51045-0 Tel: (011) 745340/74752 Tel: (011) 443075/6 ee eer es 

Tel: 56341097 Astronic GmbH D-6072 Dreieich Cramer Italia S.p.A NETHERLANDS tsdes Telenn iad: 

F-67000 Strasbourg 56 git apie note Tel: (06103) 304-0 ee i Arcobel B.V 

Tel: (089) 6130303 : Tel: (051) 372777 i nanny 

Tel: 88755180 D-8510 Furth NL-5342 PX Oss Berkshire RG6 1AZ 

F-38290 St. Quentin Satis 40 Tel: (0911) 78710 I-20121 Milano Tel: (04120) 30335 Tel: (0734) 351010 

Fallavier, Lyon pith ac D-2000 Hamburg 54 sedi a sate NORWAY Macro Marketing Ltd. 

Tel: 74956200 ei ce 4 Tel: (040) 8531340 1-80125 Napoli Fuorigrotta OTE Komponent AS Slough 

F-22700 PerrosGuirec Fer <op11) 900060 D-8043 Unterféhring Ls be be leita N-1011 Oslo 10 Berkshire SL1 6LN 

Tel: 96911743 nepoe a Tel: (089) 950990 100147 Roma Tel: (02) 306600 Tel: (06286) 4383 

-6000 Frankfurt/ Tel: (06) 517981 
Celdis Tel: (069) 730481 IRELAND SOUTH AFRICA Rapid Silicon Ltd. 

F-94653 Rungis Cedex : Lyco Ltd. |-10135 Torino Promilect (PTY) Ltd. High Wycombe 

Tel: (1) 49784900 D-7016 Gerlingen New England Technical Tel: (011) 6192067 Randburg 2125 HP112ER 

Fanvob eamrac Tel: (07156) 3560 picbrnayom Konwon $.p.A. Tel: (011) 8853320 Tel: (0494) 442266 

Tel: 61773883 D-2000 Hamburg 72 Malahide, County Dublin 1-60020 Castelfidardo — (AN) 


Tel: (040) 6451047 


Tel: (01) 450635 


Tel: (071) 789393 


Advanced Micro Devices reserves the right to make changes in its products without notice in order to improve design or performance characteristics. The performance characteristics listed in this 
document are guaranteed by specific tests, guard banding, design and other practices common to the industry. For specific testing details, contact your local AMD sales representative. The company 
assumes no responsibility for the use of any circuits described herein. 
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